Adipose tissue growth, distribution and cellularity in steers of two biological types by Cianzio, Danilo S.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1980
Adipose tissue growth, distribution and cellularity
in steers of two biological types
Danilo S. Cianzio
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Animal Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Cianzio, Danilo S., "Adipose tissue growth, distribution and cellularity in steers of two biological types " (1980). Retrospective Theses
and Dissertations. 7321.
https://lib.dr.iastate.edu/rtd/7321
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again—beginning 
below the first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases we 




300 N. ZEEB ROAD, ANN ARBOR, Ml 48106 
18 BEDFORD ROW, LONDON WCIR 4EJ, ENGLAND 
8012954 
CLANZLO, DANILO S. 
ADIPOSE TISSUE GROWTH, DISTRIBUTION AND CELLULARITY IN 
STEERS OF TWO BIOLOGICAL TYPES 
Iowa State University PH.D. 1980 
University 
Microfilms 
I n t© r n ât i 0 n â I 300 N. Zeeb Road, Ann Arbor. MI 48106 18 Bedford Row. London WCIR 4EJ, England 
PLEASE NOTE: 
In all cases this material has been filmed in the best possible 
way from the available copy. Problems encountered with this 
document have been identified here with a check mark . 
1. Glossy photographs t/^ 
2. Colored illustrations 
3. Photographs with dark background 
'4. Illustrations are poor copy 
5. °rint shows through as there is text on both sides of page 
6. Indistinct, broken or small print on several pages throughout 
7. Tightly bound copy with print lost in spine 
8. Computer printout pages with indistinct print 
9. Page(s) lacking when material received, and not available 
from school or author 
10. Page(s) seem to be missing in numbering only as text 
follows 
11. Poor carbon copy 
12. Not original copy, several pages with blurred type 
13. Appendix pages are poor copy 
14. Original copy with light type 





Adipose tissue growth, distribution and cellularity 
in steers of two biological types 
by 
Danilo S. Cianzio 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Animal Science 
Major: Meat Science 
Approved: 
I C e of MajoKj or]?
For the Major D artment 
For the Graduate College 
Iowa State University 
Ames, Iowa 
1980 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
CHAPTER I. INTRODUCTION 1 
CHAPTER II. LITERATURE REVIEW 5 
CHAPTER III. MATERIALS AND METHODS 34 
CHAPTER IV. ADIPOSE TISSUE GROWTH AND CELLULARITY. 46 
I. DISTRIBUTION AMONG DEPOTS 
CHAPTER V. ADIPOSE TISSUE GROWTH AND CELLULARITY. 55 
II. DISTRIBUTION AMONG WHOLESALE CUTS 
CHAPTER VI. ADIPOSE TISSUE GROWTH AND CELLULARITY. 80 
III. CHANGES IN ADIPOCYTE SIZE AND NUMBER 
CHAPTER VII. CONCLUSIONS 12 8 
REFERENCES 131 
ACKNOWLEDGMENTS 142 
APPENDIX A. DISTRIBUTION AMONG DEPOTS 144 
APPENDIX B. DISTRIBUTION AMONG WHOLESALE CUTS 164 
APPENDIX C. CELLULARITY 171 
1 
CHAPTER I. INTRODUCTION 
The proportion of fat, lean and bone in beef carcasses 
and their relative distribution determine the commercial value 
of the carcass. The amount of adipose tissue deposited is 
related to net profits as the carcass fat has a low value and 
the inefficiency of feed utilization is high when excess fat 
is deposited. 
Not all fat is completely undesirable. Intramuscular fat, 
or its visible portion known as marbling, has been associated 
with the improvement of the eating qualities of meat, particu­
larly juiciness and flavor (Blumer, 1963; Pearson, 1966). 
Some subcutaneous fat is also required to protect the carcass 
during handling, to retard dehydration during cooling and to 
increase the overall acceptability of the meat (Marsh, 1977). 
Excess fat, however, is not desirable. Due to the 
association of high fat content in the U.S. diet with 
atherosclerosis and high levels of blood cholesterol, con­
sumers have reduced the consumption of visible animal fat 
(butter, lard) increasing the intake of polyunsaturated 
(vegetable) fat, particularly after 1960 (Munro, 1974). In 
1913, 16.8% of the total fat consumed came from vegetable 
sources and by 1973 that amount raised to 40.4% of the total 
(Pearson, 1974). In spite of the controversy that surrounds 
animal fats as a cause of heart disease, it is obvious that 
their consumption has declined (Pearson, 1978). 
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The livestock industry has become more conscious of the 
amount of fat in animal products and has been trying to re­
duce it through improved breeding, feeding and management 
(Wilson, 1975). 
In 1958, the U.S.D.A. estimated that retailers trimmed 
greater than 2 billion pounds of fat from beef carcasses of 
cattle fed under feedlot conditions (Allen, 1969). In 1976, 
the U.S.D.A. modified the beef grading standards encouraging 
a reduction in excess fat in beef carcasses (Carpenter et al., 
1977), This led to the reduction of fed cattle with yield 
grades 4 and 5 and to an increase in the number of carcasses 
of yield grades 2 and 3, according to data reported by the 
U.S.D.A. (1978). 
Because of these changes, the estimated amount of fat 
trimmed from the beef carcasses in 1978 was reduced by 2.5% 
over the previous decade, but it still amounted to approxi­
mately 2.1 billion pounds because of an increase of 60% in 
the number of "fed" cattle slaughtered during this 10-year 
period. The estimated difference in cost of production and 
value received for over-finished cattle was 1.5 billion 
dollars in 1978. 
Even though some fat is required in the carcass, it is 
clear that the beef industry in the U.S. is still over­
producing cattle with an excessive amount of wasted fat. Any 
improvements in the knowledge of adipose tissue growth and 
distribution will be paramount to make logical decisions 
3 
relating production, processing and marketing of beef. 
Scientists are making attempts to reduce and control 
the amount of fat in the animal body by breeding (Willham, 
1974) and nutritional methods (Marchello and Hale, 1974). 
The use of breeds with larger mature size and breeds with a 
slower maturity has brought a new tool to the cattle industry 
to reduce fat and improve the potential to grow without af­
fecting the eating qualities of the meat (Koch et al., 1975; 
Adams et al., 1977). Nevertheless, as Berg and Butterfield 
(1976) stated, research in the area of fat growth and distribu­
tion has been inadequate and often disposed of by generaliza­
tions. The relationship between fat cell size and number 
with the actual amount of fat in the carcass as well as the 
relative contribution of each fat depot to the total fat have 
not been clearly shown in the beef animal. 
In this study, adipose tissue growth, distribution 
and cellular parameters were determined on crossbred 
steers of two different mature sizes. The main objectives 
were: 
1. To study the rate of deposition and distribution of 
six dissectible fat depots and intramuscular fat in 
steers of two biological types (smaller and larger 
mature body weight) from 11 to 19 months of age. 
2. To study the changes in cellularity traits of the 
same fat depots and relate these traits to the 
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actual amount of fat in the carcass. 
3. To gain some insight in the possibility of pre­
dicting the potential for a beef animal to deposit 
intramuscular fat. 
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CHAPTER II. LITERATURE REVIEW 
Characterization of Adipose Tissue 
The amount of adipose tissue in the body is important 
in meat producing animals as it is related to economical 
implications of nutrition and marketing. Lipids are the 
major components of adipose tissue, over 90% of the dry matter, 
and include that group of nonpolar compounds that are soluble 
in organic solvents but insoluble in water (Allen et al., 
1976). Water content varies between 5 and 30% and about 5% 
of the dry matter is made up of proteins (Shapiro, 1977). 
Adipose tissue is different from the other connective 
tissues (dense and loose) in that the cells, and not the 
intercellular substance, make up the bulk of the tissue and 
determine the nature of the tissue (Copenhaver et al., 1954). 
Adipose tissue is metabolically active, highly special­
ized in lipid metabolism and responsive to various physio­
logical stimuli (Shapiro, 1977). Evidence showed that adi­
pose tissue cells are supplied by a dense network of nerve 
fibers and blood capillaries (Copenhaver et al., 1964; 
Simon, 1965; Shapiro, 1977)o The vascular bed of adipose 
tissue is of the same order of magnitude as that of muscle 
(Hausberger and Widelitz, 1963). 
Two types (white and brown) of adipose tissue are recog­
nized in most mammals (Wassermann, 1965; Allen et al., 1976), 
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even though some evidence supports the theory of identical 
development for both types (Simon, 1965). In spite of this 
controversy, brown adipose tissue is found in very young, 
immature animals and in hibernating animals. In hibernating 
animals it functions as the main source of energy either 
immediately after birth or during hibernation (Allen et al., 
1976). 
The primary function of adipose tissue is to store and 
provide energy, but it also protects internal organs and 
provides insulation to the body (Ledger, 1959; Allen et al., 
1976). 
Even though adipose tissue is not the only deposit of 
energy in the body (Dole, 1965), the large mass of the tissue, 
together with its high lipid and low water content, make it 
a highly efficient store of energy (Shapiro, 1977). Wet 
glycogen in tissue stores weighs approximately 580 mg/cal 
while triglycerides weigh about 125 mg/cal, according to Dole 
(1965). This dramatic increase in energy density produces the 
release of more than twice the calories when 1 g of fat is 
oxidized as compared to the same amount of carbohydrate 
(Shapiro, 1977). 
Growth and Development of Adipose Tissue 
Cellular traits 
From a histological standpoint, adipose tissue is not a 
very dramatic tissue since mature adipose cells have no 
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striations, no processes and do not contract, secrete or con­
duct (Anderson, 1972). Nevertheless, its origin and develop­
mental processes are still a matter of controversy. 
The present consensus is that fat cells are derived 
from the differentiation of primitive mesenchymal cells 
(Barrnett,1973). These cells form mesenchymatous lobules 
which are not vascularized and not specific for adipose 
tissue. According to Simon (1965), adipogenesis begins with 
the penetration of a capillary bud into the lobule. The dif­
ferentiation of fat cells is intimately related to blood ves­
sels and this concept has also been reported by Napolitano 
(1955) and by Hausman (1978). 
Unfortunately, the origin of fat cells is still sur­
rounded by ambiguity. Napolitano (1965) suggested that the 
fibroblast is the adipocyte precursor but Simon (1965) indi­
cated that primitive fat cells are differentiated from reticu­
lar, perivascular cells, not from pre-existent fibroblasts. 
Due to many structural and functional similarities be­
tween fat cells and endothelium, Williamson and Lacy (1965) 
suggested endothelial cells as precursors for fat cells. In 
agreement with this view, Hausman (1978) further emphasized 
the importance of blood vessels in the differentiation of 
porcine adipose tissue. 
It is clear from the previous discussion that the stem 
cell for the adipocyte is still not known and four potential 
sources exist; (l) the endothelial cell lining the capillary. 
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(2) the supportive reticular cell, (3) the collagen-producing 
fibroblast, and (4) a cell type similar to the adipoblast 
but without lipid droplets (Mersmann et al., 1975). 
Sequential stages in adipose cell development have also 
been proposed (Simon, 1965; Bjôrntorp et al., 1978). The 
adipoblast is the first stage in the sequence followed by the 
preadipocyte and the adipocyte. The principal characteris­
tics of the sequence are related to the amount of lipid de­
posited in the cell. As the cell differentiates, a unilocular 
state develops with a central lipid droplet that pushes the 
nucleus and the cytoplasm to the periphery (Simon, 1965; 
Mersmann et al., 1975). 
It is still not clear if a true membrane exists at the 
lipid-cytoplasmic interface (Williamson and Lacy, 1965). 
Metabolic traits 
As the adipocyte increases in size, the metabolic activi­
ty of the cell changes. Anderson et al. (1972) showed higher 
activities of the main lipogenetic enzymes and higher lipid 
content in swine adipose tissue containing the larger cells. 
Hood and Allen (1978) also reported that the activities of the 
four NADPH-generating enzymes and the synthesis rate of fatty 
acids were directly related to adipose cell volume in four 
bovine intramuscular adipose samples. Similarly, in vitro 
experiments by Goldrick and McLoughlin (1970), Smith (1971b), 
and Guy-Grand and Bigorie (1975) showed that more glucose was 
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incorporated into glyceride-glycerol and fatty acids, and 
greater activity of the lipoprotein lipase existed in larger 
fat cells. On the other hand, basal lipolysis also increased 
in larger fat cells (Goldrick and McLoughlin, 1970) suggest­
ing an increased turnover rate of glyceride-glycerol in the 
enlarged fat cells. This may be one of the reasons for the 
increased rate of glucose incorporation into the larger 
cells (Smith, 1971b). 
Nevertheless, it seems logical to think that the in­
crease in metabolic activity associated with increased adipo­
cyte size has to reach a limit due to the confinement and re­
duction of the cytoplasm at the periphery of the cell. 
Goldrick (1967) reported a reduction of the cytoplasm from 
8% to 0.8% of the volume of the cell as the adipocyte in­
creased in size. Bovine lipid synthesis was reported to 
increase with increasing adipose cell size in growing tissues 
and then decreased when the cell reached some critical size 
(Hood and Allen, 1975). Nestel et al. (1959) found a diminu­
tion in the capacity to esterify fatty acids and less activity 
of the enzyme lipoprotein lipase as the adipocytes from rat 
epididymal fat pads increased in size. 
It is obvious from the previous reports that the effect 
of adipocyte size on its metabolic activity is still unclear. 
Ambiguity in the data seems to arise from variations due to 
the different species used in the studies and from the con­
founding of different fat depot. Furthermore, cell size 
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increases with age and some differences attributed to cell 
size may merely reflect the age differences (Romsos and 
Leveille, 1972). It is clear, however, that adipose cell 
size influences adipose tissue metabolism but the exact nature 
of the relationship varies with the particular facet of 
metabolism being monitored. Other factors such as age and 
species of the animal, fat depot and diet composition must 
also be considered (Stern and Johnson, 1978). 
Methods to determine size and cell number 
Measurements of total DNA in intact tissue have been used 
as an index of adipose cell number. The DNA content of rat 
adipocytes is relatively constant and approximately 6.7 pg/ 
cell (Hollenberg and Vost, 1958). A major shortcoming of this 
method is that 70-80% of adipose tissue DNA is not derived 
from fat cells but from blood vessels, fibrous tissue and mast 
cells (Stern and Greenwood, 1974; Stern and Johnson, 1978). 
Consequently, a small amount of contamination by nonadipocyte 
DNA will overestimate the number of cells present in the 
tissue. Isolation of adipocytes by collagenase digestion will 
improve the DNA estimate of fat cell numbers (Smith et al., 
1972). No estimation of cell size distribution is possible 
when using this method (Stern and Johnson, 1978). 
Histological techniques are also used for the determina­
tion of cell number and size determinations (Smith, 1971a; 
SjOstrom et al., 1971; Di Girolamo et al., 1971; Mersmann 
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et al., 1975). These techniques allow for a direct observa­
tion of the adipocytes but are quite tedious and relatively 
few cells, Usually 100, are counted for actual sizing (Hood, 
1977; Stern and Johnson, 1978). 
Hirsch and Gallian (1958)  described a method where adipo­
cytes were fixed with osmium tetroxide, separated from non-
adipocytes by serial filtration through nylon mesh and counted 
electronically in a Coulter Counter. This procedure was im­
proved by Etherton et al. (1977) by using an 8M urea solution 
for better separation of the adipocytes from their tissue 
matrix. The advantages of the Coulter Counter method are the 
increased accuracy by counting thousands of cells and the 
rapid determination of fat cell number and size distribution. 
The disadvantage is that it does not have the capacity to 
count small cells containing less than 0.01 ug triglyceride 
or cells that are less than 20-25 um in diameter. This 
method, therefore, may underestimate the cell number from 
either very young animals or from animals that have undergone 
severe starvation (Anderson, 1972;  Stern and Greenwood, 1974;  
Stern and Johnson, 1978) .  
The determinations of cell number and size allow for the 
separation and study of the factors that influence adipocyte 
size from those that affect cell number during tissue develop­
ment (Stern and Johnson, 1978). Also, the metabolic activity 
and hormonal responsiveness can be expressed on a per unit 
cell basis (Anderson et al., 1972; Hood and Allen, 1973a). 
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Adipose tissue traits 
The mode of growth and development of adipose tissue has 
been widely debated and the results from the pertinent litera­
ture show that the issue is still far from being elucidated. 
Variations in cellularity due to differences among species 
(Di Girolamo and Mendlinger, 1971), among fat depots within 
species (Moody and Cassens, 1958; Anderson et al., 1972; 
Hood and Allen, 1973b; Bertrand and Masoro, 1978) and even 
within the same fat depot (Anderson et al., 1972) contribute 
to a lack of understanding on adipose tissue development. 
Waters (1909) stated that the amount of adipose tissue in 
an animal is primarily dependent upon the number and size of 
the fat cells. Ultimately, this statement implies that adi­
pose tissue mass can expand by either hyperplasia (cell pro­
liferation), hypertrophy (cell enlargement) or a combination 
of the two (Bjorntorp and Sjostrom, 1971; Stern and Greenwood, 
1974; Greenwood and Hirsch, 1974; Garbutt et al., 1979; 
Hausman et al., 1979). 
It is quite probable that the biological mechanisms that 
control cell mitosis or proliferation and cell hypertrophy are 
different (Anderson, 1972). Consequently, a description of 
cellular size and number in specific adipose tissue depots 
during normal growth is important to understand the etiology 
of excessive fat accumulation. 
According to Stern and Johnson (1978), the morphology of 
the enlarged adipose depots falls into one of two categories: 
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hypertrophie obesity or hypertrophic-hyperplastic obesity. 
Increase in fat cell size was associated with a moderate de­
gree of obesity in humans and increased number of fat cells 
with a more severe obesity (Bjorntorp and Sjostrom, 1971). 
Clearly, cell size alteration is a "marker" for obesity at 
any degree, but cell number is the better index of severity 
(Hirsch and Batchelor, 1976). 
Most of the studies related with obesity or abnormal fat 
accumulation have been done using small animals, mainly rats 
and mice, as experimental models. The genetically obese 
Zucker rat (Johnson et al., 1971), the obese mutant mouse 
"Ad" (Trayhurn and James, 1979) or the experimentally induced 
obesity by hypothalamic lesioning (Hirsch and Han, 1969) have 
been used as valuable research tools to study adipose tissue 
development. Fewer studies have been done with humans and 
meat producing animals. 
Hirsch and Han (1969) reported that the cell number of 
the epididymal fat pads from Sprague-Dawley rats became fixed 
at the 15th week of life and further changes in the size of 
the tissue occur by an increase in cell size (hypertrophy). 
Similarly, epididymal and retroperitoneal depots in the normal 
Zucker rat grew by cell enlargement and cell number until the 
14th week when the number became fixed. Further increase in 
fat depot size occurred by cell hypertrophy only (Johnson et 
al., 1971). A comparison of differences among depots, however, 
indicated that subcutaneous adipose tissue added cells until 
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the 25th week of life in the rat. Johnson et al. (1971) 
also indicated that the genetically obese Zucker rats in­
creased cell number in all fat depots until the 25th week and 
this was accompanied by extreme hypertrophy. 
In humans, cell number showed a very rapid increase in 
the first year of life and then a more gradual but continuous 
increase throughout childhood (Hirsch and Knittle, 1970). 
In all these previous reports, cellularity was determined 
by the Coulter Counter-osmium fixation method of Hirsch and 
Gallian (1968). Since immature adipocytes are not counted 
with this technique, it is possible that cell hyperplasia may 
halt much earlier postnatally and the cell number increase 
observed in these reports may reflect the filling of already 
differentiated preadipocytes. 
In this line of reasoning. Greenwood and Hirsch (1974) 
followed the epididymal fat pad development from Sprague-
Dawley rats through the ^  novo synthesis of adipocyte DNA 
labeled with [^H] thymidine. The results indicated that the 
majority of cell hyperplasia is over by the 5th postnatal 
week, and consequently, the apparent increase in cell number 
up to the 15th week of age is due primarily to lipid filling 
of pre-existing cells. 
Similar results have been reported recently by Bjorntorp 
et al. (l979). By using cell culture techniques, they found 
that cell hyperplasia in the epididymal fat of Sprague-Dawley 
rats occurred up to the 5th week of age or up to a weight of 
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about 150 g. 
Unfortunately, these critical incorporation studies, 
which differentiate between cell proliferation and lipid fill­
ing, have only been reported for the epididymal fat pad of 
the rat. Nevertheless, as Greenwood and Hirsch (1974) stated, 
these findings could reasonably be extended to other fat 
depots. The pattern of development for cell number and size, 
as determined by osmium fixation and counted by the Coulter 
Counter, is similar among fat depots of the rat (Hirsch and 
Han, 1969; Johnson et al., 1971; Stern and Johnson, 1978). 
The concept of a fixed number of mature adipocytes in the 
adult organism may be of central importance in caloric and 
metabolic equilibrium (Hirsch and Han, 1969). Furthermore, 
if the number of adipocytes is fixed early in life without 
further changes, the possibility of its use as a potential 
predictor of total fat in the adult seems possible. 
Greenwood and Hirsch (1974) indicated that little or no 
turnover of adipocytes could be the explanation for the 
constancy of fat cell number at maturity and this is in 
agreement with research results reported by Johnson (1978). 
The idea that the number of adipocytes remains constant 
during the adult life of mammals seems to be based on two 
lines of evidence: (1) Severe starvation after the critical 
period of cell hyperplasia did not affect cell number but it 
did influence cell size of adipose tissue in rats (Hirsch and Han, 
1969), in swine (Lee et al., 1973a,b), and in humans (Hirsch 
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and Batchelor, 1976). The effects of detraining and weight 
loss due to exercise were also manifested entirely upon cell 
size and not on cell numbers in rats (Booth et al., 1974). 
(2) The turnover rate of mature adipocytes is low (Greenwood 
and Hirsch, 1974; Johnson, 1978), and the number of fat cells 
in the adult normal rat is rather constant (Hirsch and Han, 
1969; Johnson et al., 1971). 
Numerous researchers, however, argue against a fixed num­
ber of adipocytes at maturity. Bertrand and Masoro (1978) 
indicated that the evidence for a fixed number of fat cells 
came from studies performed during short periods of the 
animal's total life-span. BjSrntorp et al. (1979) stated 
that even when their results were consistent with the concept 
that no new adipocytes were formed spontaneously in the adult 
Sprague-Dawley rat, new fat cells could develop in the 
epididymal fat pads of the adult rat under certain circum­
stances . 
Nutritional influences 
An early report by Lemonnier (1972) concluded that the 
cell number in the perirenal and parametrial fat depots in 
adult rats could be affected by dietary manipulations. It was 
not clear, however, if the hyperplasia reported was due to the 
appearance of new cells or to the filling of preadipocytes. 
Further evidence to support new fat cell development is 
found in the model of obesity reported by Faust et al. (1978). 
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Adult rats of various strains became obese due to a highly 
palatable diet. Analysis of their adipose tissue morphology 
revealed increases in both adipocyte size and number in the 
gonadal, inguinal and retroperitoneal fat depots. These 
authors also suggested that after a specific mean size is 
achieved for existing fat cells, unknown events trigger the 
formation of new fat cells. 
Bertrand and Masoro (1978) also reported an increase in 
adipocyte number in the perirenal fat pad without dietary 
manipulations when Fisher rats were experimentally controlled 
from 6 to 18 months of age, but failed to observe the same 
effect on the epididymal fat pad. 
It is still unknown if the increase in cell number re­
ported in the previous studies was due to hyperplasia or just 
merely to the lipid filling of preadipocytes (Klyde and Hirsch, 
1979a,b). The labeling of adipocyte DMA by intraperitoneal 
administration of [^H] thymidine to adult rats showed that 
rapidly proliferating cells were in close association with 
mature adipocytes from the epididymal and retroperitoneal fat 
pads. However, due to the inability to clearly identify 
adipocyte progenitors morphologically, these proliferating 
cells may be adipocyte progenitors, immature adipocytes or 
merely supportive cells (Klyde and Hirsch, 1979a). 
By feeding a high-fat diet (55% fat) simultaneously to 
the intraperitoneal injection of [%] thymidine, Klyde and 
Hirsch (1979b) reported that the permanent increase in 
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adipocyte number of retroperitoneal and epididymal fat pads 
of Osborne-Mendel adult rats was probably caused by prolifera­
tion of progenitor cells rather than lipid-filling of existing 
preadipocytes. They also suggested some regulatory function 
of adipocyte size, which is in agreement with Faust et al. 
(1978) who found that hyperplasia occurred only after a 
maximum adipocyte lipid content of about 1.5 ug per cell. 
Lipectomv influence 
The previous discussion indicated that fat cell size was 
more "plastic" and dependable on environmental effects, while 
adipocyte number was more associated to the actual amount of 
fat in the body. Hirsch and Knittle (1970) and BjSrntorp and 
Sjostrom (1971) reported high correlation coefficients, 0.81 
and 0.71, respectively, between cell number and kilograms of 
body fat in humans. 
Surgical removal of body fat or lipectomy has been used 
as an approach to reduce adipocyte number and consequently 
alleviate excessive fat accumulation. The results from this 
approach have not been consistent in laboratory animals, 
Faust et al. (1976) and Krai (1976) could not find any 
compensatory growth of the fat after lipectomy in mice and 
rats and suggested that cell size rather than number was 
important for a presumed lipostatic regulation of adipose 
tissue mass. 
Different results were reported by Faust et al. (1977a) 
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and Larson and Anderson (1978) who found that feeding a high-
fat diet to Sprague-Dawley rats restored adipose mass and 
adipose number within 7 months of surgery. Regeneration of 
the tissue at the site of the incision and compensatory hy­
perplasia in the remaining depots accounted for that restora­
tion. There were strain and site variations in the phe­
nomenon of adipose tissue regeneration. 
In another interesting experiment, Faust et al. (1977b) 
induced hyperplasia and rapid fat accumulation in lipectomized 
and sham-operated Osborne-Mendel rats by feeding them a high-
fat diet (55% fat). After 9 weeks on this diet, lipectomized 
rats had a total of 25% fewer adipocytes than the controls 
but equivalent cell sizes (1.4 ug of lipid) in the dissectible 
fat depots. Total compensation in the lipid content of adi­
pose tissues did not occur and lipectomized rats were lighter 
and also consumed less total food than the controls. Larson 
and Anderson (197 8) found adipocytes were similar in size but 
compensatory hyperplasia resulted between lipectomized and 
sham-operated rats. 
These results strongly suggested an important role of 
adipocyte size in the regulation of energy storage and control 
of food intake. Faust et al. (1977b) also stated that the 
regulatory restraints in adipose tissue were more effective 
when adipocytes were relatively large. 
The "modus operandi" of this regulation, if it exists, 
is still completely unknown. The fact that sometimes there 
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was a compensatory hyperplasia is also intriguing. 
Cellularitv in meat animals 
Few investigations have been conducted on adipose tissue 
cellularity in meat producing animals. 
Hood and Allen (1973b), working with cattle, reported 
differences in cellularity due to breed and adipose depots. 
They found that perirenal and subcutaneous adipose tissues in 
Hereford x Angus steers contained larger cells than the re­
spective tissues from Holstein steers of similar age and live 
weight. In addition, the Holstein had fewer adipocytes in 
the subcutaneous fat depot and the authors attributed the 
smaller content of subcutaneous fat in the Holstein to both 
fewer number of adipose cells of smaller size. Furthermore, 
in the 14-month-old animals, the mean cell size was in de­
creasing order; perirenal > subcutaneous > intramuscular 
(Hood and Allen, 1973b; Allen, 1976). 
In a similar pattern as in rats and mice, adipose tissue 
accumulates in meat animals by an increase in cell number, cell 
size, or combination of the two (Waters, 1909; Anderson, 1972), 
and consequently, it is important to know the relative contribu­
tion of adipocyte hyperplasia and hypertrophy to adipose 
tissue growth. 
Cellular hyperplasia was nearly complete in the perirenal 
and subcutaneous adipose depots by 8 months of age in Hereford 
steers and by 14 months of age in Holstein and Hereford x 
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Angus steers (Hood and Allen, 1973b). Cell hyperplasia was 
still occurring in the perirectal fat of bull calves at one 
year of age (Garbutt et al., 1979). 
In sheep, cell division appears to be completed by 12 
months of age when samples were obtained from the dissectible 
adipose tissue of the carcass (Hood and Thornton, cited by 
Hood, 1977), 
It seems, therefore, that adipocyte hyperplasia is halted 
in the extrafascicular fat of sheep and cattle by the first 
year of postnatal life. Further increase in the adipose mass 
is mainly due to cell enlargement (Anderson, 1972). 
Anderson and Kauffman (1973) reported that porcine sub­
cutaneous tissue increased by a combination of hypertrophy 
and hyperplasia up to 5 months of age, after which time it 
expanded by hypertrophy only. However, Wood et al. (1978) 
found no indication that the number of cells had become con­
stant in the backfat of pigs even at 188 days of age. 
These results for swine, sheep and cattle suggest species 
differences in the way of adipose tissue enlargement. Since 
immature adipocytes are not being included with the current 
methods of counting, the moment at which hyperplasia is halted 
is difficult to define. Consequently, some of the differences 
in cellularity between breeds or even species already reported 
may be misleading. Therefore, it would be more appropriate 
to state that in young animals, the increase in the adipose 
mass was achieved by both cellular hyperplasia and hypertrophy 
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(Anderson, 1972; Hood and Allen, 1973b). 
In cattle, the cellular development of the interfascicu­
lar fat or marbling presents singular importance due to its 
association with the USDA quality grades. As the amount of 
marbling increases, the quality grade improves and the value 
of the carcass is higher (Allen, 1976). 
Intramuscular lipid is found in the form of fat cells at 
the perimysial planes, as intracellular free lipid droplets 
and as an integral constituent of membranes (Moody and 
Cassens, 1958). Since the visible portion of the intramuscu­
lar fat is located in the interfascicular spaces, it seems 
to be equally correct to name it as marbling or interfascicu­
lar adipose tissue. 
Hausberger and Widelitz (1963) indicated that the vascular 
bed of adipose tissue is of the same order of magnitude as 
that of muscle. Also, Blumer et al. (1962) demonstrated that 
the main marbling deposits were close to or within a heavy 
vascular network. 
Moody and Cassens (1958) also found that, as the level of 
marbling increased in bovine lonqissimus muscle, the size of 
the adipocytes also increased. They suggested that the higher 
marbling scores were more a reflection of fat cell size than 
cell number. 
Interfascicular adipose tissue was still actively growing 
by hyperplasia and hypertrophy in steers 14 months of age when 
hyperplasia seemed to be halted in the other carcass adipose 
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depots (Hood and Allen, 1973b). Furthermore, interfascicular 
adipose cells were smaller (30-40%) than subcutaneous and 
perirenal fat cells (Hood and Allen, 1973b) probably due to 
mechanical pressure (Waters, 1909). 
Cell size versus cell number 
Fat cell size was positively correlated with ether ex­
tract values in three marbling groups (traces, small and 
moderate), from bovine longissimus muscle (Moody and Cassens, 
1968). However, Hood and Allen (1973b) suggested that cell 
number was the main factor that influenced the amount of 
marbling in Hereford x Angus steers. Similarly, high correla­
tion coefficients were found between the cell number and the 
quality grade when subcutaneous or perirenal adipose depots 
were compared in steers (Hood and Allen, 1973b). 
The activities of four NADPH-generating enzymes, however, 
were positively associated with the average cell volume while 
fatty acid synthesis also increased with cell volume until a 
critical size was reached, then lipogenesis decreased in 
cattle adipose tissue (Hood and Allen, 1975)„ A higher 
association was found between cell size, percentage of adipose 
tissue in the carcass and lipogenic enzyme activities in swine 
as compared to cattle (Anderson et al., 1972; Wood et al., 
1978). Furthermore, Anderson (1972) suggested that cellular 
hypertrophy rather than hyperplasia is the dominating factor 
contributing to excessive fat accumulation in swine due to 
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the higher correlation between the amount of fat in the car­
cass and adipocyte size. 
Even though cell size seems to be more associated with 
obesity in swine, the number of adipocytes was found to be 
more closely related to body size (fat-free carcass weight) 
by Allen et al. (1974). This relationship was due to the fact 
that more cells are required for a pig with a larger body size 
to reach the same percentage of fatness as a pig of smaller 
body size. No data are available for this comparison in 
cattle and sheep. 
From the previous discussion, it is obvious that more in­
formation is still required in order to understand the real 
value of cell size and number as determinants of adiposity, 
particularly in cattle. Nevertheless, Waters (1909) pointed 
out as early as 1909 that adipose tissue size is a reflection 
of both cell size and number. Lipogenetic activity in adipose 
tissue seems to be more associated with the size of the 
adipocyte, increasing until the cell reaches a critical size; 
then, decreases possibly due to limiting amount of water per 
cell (Hood and Allen, 1975) or because larger cells become 
less responsive to plasma insulin levels (Smith, 1971b). 
Monophasic versus biphasic cell distribution 
Contrarily to muscle cells which present a monophasic, 
normal frequency distribution (Hegarty and Cooper, 1971; 
Levine and Hegarty, 1977), adipocytes seem to have a different 
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distribution pattern. Mersmann et al. (1975), by using a 
microscopic technique, reported a biphasic frequency dis­
tribution of cell diameter for swine adipose tissue, but the 
results of Mersmann et al. (1975) differed from those reported 
earlier by Sjostrom et al. (1971) who found that cell diame­
ters were normally distributed in a monophasic type of plot. 
Di Girolamo et al. (1971) also found cell diameters from rat 
adipose tissue normally distributed, but they reported a great 
dispersion (large coefficient of variation) in population of 
adipocytes with a smaller mean diameter. As the cells en­
larged, they approached their maximal size and the dispersion 
would decrease. Di Girolamo et al. (1971) also found the 
frequency distribution of the cell volumes skewed to the right. 
Monophasic plots for cell diameter were also observed by 
Anderson and Kauffman (1973) in swine subcutaneous and by 
Smith et al. (1972) in human adipose tissue. 
Hood and Allen (1973b), working with cattle, reported a 
monophasic distribution for cell volume and diameter from the 
subcutaneous and perirenal fat depots; however, for cell 
diameters from the intramuscular fat, a biphasic distribution 
was observed. Allen et al. (1974), using data from very fat 
pigs (7 cm backfat), observed a bimodal distribution for cell 
diameters but a monophasic distribution for cell volumes due 
to the fact that small diameter adipocytes make an insignifi­
cant contribution to adipose tissue volume in comparison to 
adipocytes of large diameter. 
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There are no clear explanations for the dissimilar data 
previously reported; however, some speculations could be made. 
Differences in the techniques used to size the cells for the 
specific species or the degree of maturity of the fat depots 
utilized for the comparisons add to the variations in the 
results. 
The potential occurrence of a bimodal distribution brings 
a note of skepticism in the usefulness of the overall means 
in evaluating fat cell development. In such cases, the dis­
tribution of cell sizes is more important than the mean and 
both should be reported and discussed accordingly (Widdowson 
and Shaw, 1973; Ashwe11 and Garrow, 1973; Ostrowski and Giron, 
1973). 
Where a monophasic distribution exists, the possibility 
of adjusting a normal plot to it has to be explored to put 
all data under the assumptions of the normal distribution 
curve. This allows the researcher to make statistical com­
parisons among the group means (D. Cox, Department of Statis­
tics, Iowa State University, personal communication). 
Distribution of Adipose Tissue in the 
Carcass of Bovine 
The importance of adipose tissue in the composition of 
the carcass has been assessed in numerous scientific papers. 
Excellent reviews on the topic were provided by Hedrick 
(1968), Berg and Butterfield (1968) and more recently by 
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Allen et al. (1976). 
Waters (1909) was probably one of the first to indicate 
that not only the total amount of fat present in the carcass 
was relevant but also its distribution among the different 
depots. He pointed out that the change in shape of the animal 
and the increase in the volume of the muscle as the animal 
fattens was due to the external layer of fat that rounded all 
parts and to the storage of fat between and within the muscles 
rather than to the added volume of muscle tissue itself. 
Fat is found in nearly every anatomical location, but, 
from the standpoint of carcass composition, the following 
adipose depots can be physically removed; subcutaneous or 
external fat, intermuscular or seam fat, kidney and pelvic 
fat, and fat on the thoracic walls (Allen et al., 1975). 
Mesenteric and omental fat depots are not constituents of the 
carcass but they can be removed from the intestines and 
stomach area. 
There are differences in the metabolism, cellularity 
(Chakrabarty and Romans, 1972; Hood and Allen, 1975, 1978), 
and chemical composition (Leat, 1978) among the depots. In 
general, internal fat depots contain more saturated fatty 
acids (2-3%) than outer ones (Forrest et al., 1975), Further­
more, due to microbial hydrogénation in the rumen, the fatty 
acid composition pattern of fat depots from ruminants is less 
subjected to modification by dietary means than in monogas-
trics (Wilson, 1975). However, Westerling and Hedrick (1979) 
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reported that both subcutaneous and intramuscular fat from 
grass-fed cattle contained more saturated fatty acids 
(palmitic and stearic) than the same fat depots from cattle 
fed grain. 
Leat (1978) listed several factors that can affect lipid 
composition of fat depots in ruminants; (1) age, saturation 
increases from birth to about one year of age due to stearic 
acid production from rumen hydrogénation; (2) stage of fatten­
ing, the depots become more unsaturated as the animal enters 
its fattening phase of development probably due to more 
endogenous production of unsaturated fatty acids; (3) ana­
tomical position, saturation,in increasing order,is sub­
cutaneous < intermuscular < internal depots; (4) diet, high 
concentrate diets result in the production of more unsaturated 
depot fat while roughage diets increase palmitic acid produc­
tion and saturation of lipids. 
Distribution of fat 
The different growth rates of the various tissues and 
parts of the body that take place postnatally change the shape 
and composition of the body. Within this phenomenon, fat is 
the tissue with the greater rate of postnatal growth, and, 
hence, has the greatest influence on conformation (Hedrick, 
1958; Berg, 1968), 
Several research papers have shown the detrimental effect 
of the excess of fat on carcass value and composition (Callow, 
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1949; Luitingh, 1962; Allen, 1959; Bergen, 1974; Wilson, 1975; 
Hedrick, 1975; Kauffman, 1978), but in the United States, 
excess fat still remains the major factor affecting the yield 
and value of beef carcasses (Allen, 1969; Hausman et al., 
1979). This is particularly true for the amount and distribu­
tion of subcutaneous versus intramuscular fat. 
A further note assessing the importance of fat distribu­
tion was made by Allen (1969). He stated that large quanti­
ties of intermuscular or seam fat are particularly troublesome 
because of the additional problems associated with removing 
this fat for retail merchandising. 
In this regard, Berg and Butterfield (1976) classified 
carcass fat into four categories; (1) fat which is sold with 
high-priced cuts, (2) fat which is sold with low-priced cuts, 
(3) fat which is removed from the carcass at slaughter, and 
(4) fat sold with the carcass but without value in the meat 
trade. 
Some fat in animals is important as it has a role as an 
insulator, protector from bruises, storage of surplus energy 
and is a carrier of lipid soluble vitamins. 
Subcutaneous fat also seemed to enhance the tenderness of 
the lonaissimus muscle by retarding chilling and dehydration 
in lamb (Smith et al., 1974) and in beef carcasses (Marsh, 
1977) . Numerous reports (reviewed by Blumer, 1963; Smith and 
Carpenter, 1974) have shown low but positive association be­
tween the content of intramuscular fat or marbling and the 
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acceptability of the lean by consumers. 
The main setback in this regard is the lack of an appro­
priate definition of the amount of fat required in the car­
casses of beef animals to improve the economy of meat produc­
tion without affecting its quality. The best attempt to over­
come this amgibuity was done by Kauffman (1978) who defined the 
carcass excellence from a bovine animal as having less than 0.5 
cm of subcutaneous fat depth over the loin, less than 2% of 
cavity fat and minimal quantities of intermuscular, mesenteric 
and omental fats. Obviously, the definition is still quite 
general. 
Callow (1948) felt that meat animals should be judged by 
their capacity to fatten rapidly as well as by the partition 
of fat among the different depots. Kempster et al. (1976a) 
stressed the importance of increasing the knowledge of fat 
distribution in the carcass based on the fact that some cuts 
are more valuable than others while Charles and Johnson (1976) 
indicated that differences in fat distribution could mean al­
terations in the association between subcutaneous fat thick­
ness and carcass composition. 
It has been well-established that little variation exists 
in lean distribution among different breeds of cattle (re­
viewed by Berg and Butterfield, 1976); however, the situation 
seems to be different for fat distribution. 
Ledger (1959) reported that the difference between sub­
cutaneous and intermuscular fat decreased in the Bos taurus 
31 
while it increased in the Bos indicus as fattening proceeded 
from 8 to 40% of total separable fat in the carcass. 
When the total contribution to fat desposition is com­
pared, the intermuscular and subcutaneous fat depots make a 
greater contribution than the intramuscular, kidney and 
channel fat as cattle grow (Johnson et al., 1972). Contrary 
to accepted knowledge, intramuscular fat (expressed as per­
centage of total fat) reached its maximum deposition when the 
total carcass fat was 5%. This occurred very early in post­
natal development. 
Breed differences in the distribution of fat were found 
by Charles and Johnson (1976) studying 43 steer carcasses from 
Charolais crossbreds, Hereford, Angus and Friesian. At com­
parable carcass weights, Charolais crossbreds and Friesian 
had significantly less subcutaneous and more kidney fat ex­
pressed as percentage of carcass fat than the British breeds. 
The variations in intermuscular fat percentage were small 
among breeds at all values of total fat in the carcass; conse­
quently, the differences in distribution were largely due to 
the inverse relationship between subcutaneous and kidney fat 
percentages. Furthermore, the association between fat thick­
ness at the 12-13th rib and fat percentage in the carcass was 
found to be breed dependent, with the large-size breeds having 
significantly more fat than Herefords at the same fat thick­
ness at the 12-13th rib. According to Charles and Johnson 
(1976), if the influence of breed is ignored, fat thickness 
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measurements may overestimate percent of fat in the carcass 
and underestimate yield of edible beef in the British breeds 
as compared to the Friesian and Charolais crossbreds. 
Kidney fat was the most variable depot and intermuscular 
fat the least variable fat depot in a study with 643 carcasses 
from different breeds (Kempster et al.,1976a). Furthermore, 
diet influenced fat distribution as cattle fed cereal diets 
had a higher proportion of their total fat deposited sub-
cutaneously than cattle from a grass-cereal system. The 
authors emphasized the danger of comparing carcass charac­
teristics of breeds raised under different feeding systems. 
Pomeroy and Williams (1974) and Williams (1978) also 
stated that the relationships between weights of subcutaneous 
and intermuscular fat as well as between subcutaneous and 
kidney fat were breed dependent since these ratios were larger 
for beef breeds than for dairy breeds. 
By using an exponential equation that related the varia­
tion of a specific tissue or part of the tissue to the total, 
Mukhoty and Berg (1971) suggested a genetic influence on the 
rate of fat deposition since the regression coefficients for 
kilograms of total fat respect to the amount of muscle plus 
bone were significantly different among breeds within sexes. 
However, more recent work by Berg et al. (1978a) with European 
breeds of cattle concluded that breeds differed in the amount 
of total fat adjusted to a common side weight but no differ­
ences were found in the rate of fattening among breeds. 
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suggesting a variation at the onset of fattening rather than 
in the rate. When total fat distribution among joints of the 
carcass was studied (Berg et al., 1978b), regression or growth 
coefficients were homogenous for fat in each wholesale cut 
among breeds, suggesting a similar fat development pattern. 
Nevertheless, different growth impetuses for fat were found 
among wholesale cuts that showed an increase in fat deposi­
tion in the ventral region of the carcass as fattening pro­
ceeded. The authors concluded that, although differences in 
the ratio of subcutaneous to intermuscular fat seemed to exist, 
fat deposition followed a common pattern among breeds and dif­
ferences in fat distribution among them were minor when com­
pared at equal amounts of total fat. 
Mukhoty and Berg (1971) and Berg et al. (1979) studied 
the effect of sex on fat growth and distribution. They con­
cluded that there was no difference in fat distribution among 
sexes neither in the growth coefficients nor when the means 
for each depot were compared at a constant total fat. However, 
when the rate of total fat deposition was related to muscle 
weight, bulls had significantly lower growth coefficients 
than steers and heifers. Again, subcutaneous fat made up an 
increasing contribution to total fat relative to intermuscular 
and kidney fats as fattening progressed. 
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CHAPTER III. MATERIALS AND METHODS 
Forty steers of similar birth date, progeny of Limousin, 
Maine Anjou, Angus and Simmental sires and crossbred cows were 
used. The cows were either two- or three-way crosses among 
Angus, Hereford, Holstein and Brown Swiss breeds. 
Steers were alloted by size (smaller and larger) accord­
ing to their live weights at 180 days of age, adjusted on the 
basis of weight per day of age at weaning. Measurements of 
wither and rump heights at weaning were also utilized for this 
selection. Characteristics of the steers used in this study 
are shown in Table 1. 
Steers within a size group were assigned at random into 
five slaughter groups. They were kept in the same pen and fed 
the same growing-fattening ration (80% corn grain) at the 
Iowa State University McNay Research Center. Eight steers, 
four of each size group, were slaughtered at the ISU Meat 
Laboratory every two months from 11 to 19 months of age 
(Table 2). 
Fat Cell Size Measurements 
Immediately after exsanguination, the muscle and fat 
portions corresponding to the lOth to 12th rib section were 
removed from the right side of the carcass. Samples from the 
subcutaneous, intermuscular and intramuscular fat depots were 
removed from this rib section for cellularity and chemical 
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Table 1. Characteristics of the experimental steers as 






Number of steers 20 20 




4-21 ± 2.6 
205 ± 3 
4-18 ± 2.6 
260 ± 5 P<.05 
Actual weaning 
weight, kg 221 ± 6 279 ± 6 
Weaning age, 





Daily gain, kg 
(11 to 19 months) 
465 ± 2.2 
455 ± 6.5 
468 ± 2.2 
530 ± 5.5 




^Values are means ± SEM including all five slaughter 
groups within type. 
^Significance for means between types. NS = non­
significant. 
^Adjusted to 180 days by using weight per day of age at 
weaning of the steers. 
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1 March 11 4 4 
2 May 13 4 4 
3 July 15 4 4 
4 Sept. 17 4 4 
5 Nov. 19 4 4 
^Numbers refer to steers per slaughter group. 
analysis determinations (Figure 1). Fat samples were also 
obtained in the abattoir from the following depots for cellu-
larity and chemical determinations: 
Kidney fat: lateral to the right kidney. 
Omental fat: around the omasum and also from the large 
omentum around the rumen for chemical analysis only. 
Mesenteric fat: between the caudal end of the ceacum 
and the small intestine. 
Brisket fat: vertical to the first and second sterne-
brae of the right side. 
Approximately 200 mg of fresh tissue from each of the 
mentioned seven fat depots were fixed with 2% osmium tetroxide 
in .154 M saline solution according to the procedure outlined 
by Hirsch and Gallian (1968) and modified by Etherton et al. 
(1977). Eight molar urea was used to free the fat cells from 
the surrounding connective tissue matrix. Physiological 
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intramuscular 
Figure 1. Sample location at lOth to 12th rib section 
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saline solution, filtered twice through a .22 millipore 
filter unit, was used as the electrolyte medium to store and 
count the fat cells. 
Total number of cells per gram of fat tissue, mean 
volume, mean diameter and relative frequency distribution of 
the size of the fat cells from each depot were obtained by 
using a Channalyzer attached to a Coulter Counter model Zg 
with a 400-micron cell amplitude. Synthetic polystirene 
particles (90.5 microns in diameter) were used as the standard 
for calibration of the equipment. The "coincidence error" of 
more than one particle going through the cell amplitude simul­
taneously was checked and found negligible. 
The number of cells suspended in approximately 350 ml of 
physiological saline was calculated as the average of 10 
counts per .5 ml of saline from a tared beaker by using the 
Coulter Counter. The total number of cells in the beaker was 
estimated from the weights of the empty and full beaker and 
the density of the saline (1.0053). This value was referred 
to the weight of fixed adipose tissue and was expressed as 
the number of fat cells per gram of tissue. 
The accumulation of fat cells in the lower channels was 
masked by small debris and electrical noise. In order to 
determine the lower limit of the plot, cells from each fat 
depot were observed through a light microscope to determine 
the minimum cell size in the sample. Furthermore, 500 cells 
from each of 24 samples selected at random among the six fat 
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depots (four from each depot) were sized with the microscope 
and histograms for the frequency distribution drawn. Since 
all these histograms were monophasic and the classes almost 
normally distributed, a procedure to attempt to normalize the 
distribution of fat cells obtained from the Channalizer was 
followed. This normalization allowed for making statistical 
comparisons among the parameters obtained from the fitted 
distributions. 
A computer program (Thompson and Metzler, 1973) that 
fits a log-normal distribution function (Siano, 1972) was 
adapted by Whitehurst (1980) to fit a curve on the distribu­
tion of fat cells. The smaller fat cells mixed with elec­
trical noise that fell in the lower channels were trimmed off 
by the computer so that the minimum possible cell diameter 
included in the study was 20 microns. Means, modes and 
standard deviations for both cell volume and diameter were 
calculated from the fitted distributions for each fat depot. 
Carcass Components 
The left side of each carcass was kept in a cooler at 
2-3°C until physically separated into fat, lean, bone and 
connective tissue. 
Omental fat (large and small omentum) and mesenteric fat 
(the fat around the small and large intestines) were separated 
in the abattoir after evisceration, chilled for 4 hours at 
2-3°C and weighed. 
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The left side was cut into nine wholesale cuts; fore-
shank, chuck, brisket, plate, rib, loin, flank, round and 
hindshank (Figure 2), according to Wellington (1953), with 
the following modifications; 
( 1) The caudal point of the separation between the rib 
and the plate was located at 10 cm (4 inches) from 
the lateral end of the M. lonqissimus. 
(2) The foreshank and brisket were removed from the chuck 
by a cut 2.5 cm (1 inch) above the lateral condyle 
of the humeroas and parallel to the top line of the 
chuck. 
(3) The anterior point where the flank and the loin were 
separated was located at 2.5 cm (1 inch) from the 
lateral end of the M. lonqissimus at the 13th rib. 
(4) Kidney fat was separated from the pelvic fat by a 
cut that followed the ventral edge of the pelvic 
bone from the anterior tip of the aitch bone up to 
the caudal ventral corner of the last lumbar vertebra. 
After being weighed, each wholesale cut was physically 
separated into the following components; 
(1) Subcutaneous fat or external fat, without excavating 
in the grooves between muscles. Fat underneath the 
M. cutaneous truncii was included with the inter­
muscular fat. 
(2) Intermuscular fat: by definition, all the fat among 
muscles (seam fat) plus the fat inside the rib cage 
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3. Loin (1 rib) 
4. Flank 
5. Rib (7 ribs) 
6. Plate 
7. Chuck (5 ribs) 
8. Brisket 
9. Foreshank 
1 + 2 + 3 + 4 =  H i n d q u a r t e r  
5+6+7+8+9= Forequarter 
Figure 2. Illustration of wholesale cuts 
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and brisket (thoracic fat). 
(3) Lean. 
(4) Bone and connective tissue: these were combined 
in the calculations for body composition. 
Kidney fat (without the kidney) and pelvic fat weights 
were recorded. 
Since only the left side from each carcass was physically 
separated into its tissue components, the total amount of each 
fat depot in the carcass was estimated from its respective 
percentage in the left side and the chilled right side weight. 
These data were used to analyze the contribution of each fat 
depot to the total dissectible fat in the body. 
The percentages of muscle, fat and bone plus connective 
tissue of the chilled left side will be referred to as the 
carcass composition of the steers. The carcass fat thickness 
and M. lonqissimus area were determined at the 12-13th rib of 
the left side. 
Proximate Chemical Analysis 
Samples of approximately .3 kg were removed and stored 
frozen until proximate analyses from the following muscles 
were determined: 
(1) Anterior M. lonqissimus (chuck). 
(2) Infraspinatus middle portion (chuck). 
(3) M. lonqissimus at 12th rib (rib cut). 
(4) M. lonqissimus at 3rd lumbar vertebra (loin cut). 
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(5) Setnitendinosus middle portion (round). 
(5) Biceps femoris at distal end (round). 
Determinations of moisture, lipid and nitrogen were also 
performed in samples from six fat depots (subcutaneous, inter­
muscular, kidney, brisket, omental and mesenteric) according 
to the procedures outlined by A.O.A.C. (1975). 
Each frozen sample was pulverized in a Waring blender 
previously chilled in liquid nitrogen. The pulverized samples 
were placed in double-walled polyethylene bags and stored at 
-15°C until subsequent proximate analysis. The six muscle 
samples from each steer were mixed and the chemical determina­
tions were performed on a pooled sample. Proximate analysis 
for the six fat depots were completed on a depot basis per 
steer. 
Scanning Electron Micrographs 
Small cubes of tissue (approximately 1 mm in length) from 
the different fat depots were fixed with a solution of 3% glu-
taraldhyde in phosphate buffer (pH 7.3) according to Humason 
(1972) and Glauert (1975). The cubes were postfixed in 2% 
osmium tetroxide in collidine buffer (pH 7.4) for 2-3 hours, 
dehydrated with different volumes of acetone in distilled 
water for critical point drying and finally coated with carbon 
and gold under vacuum. Polaroid pictures of the specimens 
were taken from the scanning electron microscope. 
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Statistical Analysis 
The data were analyzed by using the Statistical Analysis 
System (Barr et al., 1976). 
Least-squares analysis of variance was applied to the 
data from carcass composition and cell size measurements to 
determine the effects of size and age at slaughter. 
To study the effect of size upon the rate of growth of 
the main tissues of the carcass and among the different fat 
depots, the exponential allometric equation, in its logarith­
mic form, was used (Huxley, 1932)Î 
Y = ax^ ; log Y = log a + b log x 
where: 
Y = a part of the total (carcass tissue or fat depot 
in kg) 
X = the total (muscle + bone weight or total amount of 
fat in the carcass in kg) 
b = growth coefficient describing proportionate growth 
of a tissue or depot respect to the total. 
The allometric model was chosen over the linear one be­
cause it explained more of the totgl variation of the de-
pendent variable (1-2% more and with r > 90%) than the linear 
mode (results not shown here). 
Two multiple regression equations for muscle and bone 
weights as the dependent variables and fat and muscle + bone 
weights as the independent variables were calculated for each 
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biological type (Seebeck, 1958). Since no significant 
effect of fat weight on either muscle or bone weight was 
found, muscle + bone weight, rather than the carcass weight, 
was used as the independent variate to study the rate of 
growth of the main tissues of the carcass (Everitt, 1956; 
Berg, 1958). 
Where the regression coefficients were homogeneous be­
tween biological types, adjustment of the means for each type 
to a common mean value was achieved by using the equation: 
log . = log Y. - b (log x. - log x) , âO J • 1 1 
where b is a common regression coefficient for type and x 
the common mean value for the independent variable. The 
antilogarithm values of the adjusted means were reported. 
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CHAPTER IV. ADIPOSE TISSUE GROWTH AND CELLULARITY. 
I. DISTRIBUTION AMONG DEPOTS 
Introduction 
Consumers discriminate against excess fat in meat cuts 
(Pearson, 1974, 1978), but still some is required to enhance 
the quality of the lean (Blumer, 1953; Pearson, 1966) and to 
protect the carcass during handling and storage (Marsh, 1977). 
In this regard, the animal body presents the peculiarity that 
an optimum level of fat is desired rather than a minimum or 
maximum from the point of view of meat production. 
The cattle industry in the USA is still producing animals 
with excessive quantity of fat, which in 1978 amounted to 
950 million kilograms, according to our calculations from 
USDA data (1978). 
Scientists are making attempts to reduce the amount of 
total fat in the animal body by breeding and nutritional 
methods while maintaining the desirable levels of marbling 
in the lean. 
The association of marbling scores with quality grades 
(Allen, 1976) and the additional problems associated with 
the removal of large quantities of intermuscular or seam fat 
for retail merchandising (Allen, 1969) emphasize the importance 
of additional knowledge in the growth and distribution of 
adipose tissue. 
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This work was undertaken to study the deposition rate and 
distribution of six dissectible fat depots; subcutaneous, 
intermuscular, kidney, pelvic, omental and mesenteric and 
intramuscular fats in steers of two biological types (smaller 
and larger mature weight). 
Results and Discussion 
Steers from both biological types grew at a similar rate 
during the age scope of this experiment. Regression coeffi­
cients of slaughter weight on age were not significantly dif­
ferent between the two biological types (1.18 and 1.22 kg/day, 
respectively). 
Smaller steers were 3% fatter and lighter than the larger 
steers when all slaughter groups were pooled, but the differ­
ence in fat content was not statistically significant (Table 
3). Since all steers were similar in chronological age 
(Table 1), these results suggest that smaller steers started 
to deposit fat at an earlier age. 
Growth coefficients of the main tissues of the carcass 
showed no significant difference in the rate of fattening 
between biological types when compared from 11 to 19 months 
of age (Table 4), but variation at the onset of fattening was 
suggested when the percentages of carcass tissues were plotted 
against age at slaughter. Steers of the smaller type experi­
enced an earlier input of fat deposition from 11 to 13 months 
of age (Figure 3). 
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Table 3. Carcass characteristics of steers of two bio­
logical types 
Biological tvpe^ 
Item Smaller Larger cance^ 
No. of steers 20 20 
Hot carcass 
weight, kg 2 84 ± 4.2 334 ± 4.2 P<. 05 
Lean, % 55.94 ± 0.8 57.43 ± 0.8 NS 
Fat, % 29.01 ± 1.0 26.12 ± 1.0 NS 
Bone, % 14.73 ± 0.3 15.20 ± 0.3 P<.05 
^Values are means ± SEM for all slaughter groups within 
each biological type. 
^Significance for means between types. NS = nonsig­
nificant . 
The pattern of fattening was similar for both types of 
steers with some minor differences. The relative contribu­
tion of each dissectible fat depot, expressed as percentage 
of total fat in the body, showed no significant differences 
between types when results were pooled for all slaughter 
groups (Table 5). Fat in the carcass contributed approximate­
ly 80% of the total while the remaining 20% came from fat 
around the stomachs and intestines. When grouped, visceral 
fats (omental + mesenteric + kidney) plus pelvic fat accounted 
for 30% of the total dissectible adipose tissue in the body. 
There were no differences in the rate of deposition of 
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Table 4. Growth coefficients ± SEM for the weights of muscle, 
fat and bone in respect to the weight of muscle + 
bone in the left side of the carcass^ 
Bloloqical type signifi-
Tissue Smaller Larger cance^ 
Muscle 1.02 ± .02 1.11** ± .03 P<.05 
Fat 2.09** ± .30 2.82** ± .50 NS 
Bone ± CT"^ 0.90 ± .07 0.61** ± . 11 P<.05 
^Growth coefficients are the regression coefficients for 
the equation log Y = log a + b log x. 
^Significance for growth coefficients between types. 
NS = nonsignificant. 
^CT = connective tissue. 
**Coefficient significantly different from 1 (P<.0l). 
each fat depot in respect to total fat between biological 
types. Within a type, however, subcutaneous fat made a 
greater contribution to adiposity in the larger steers as 
fattening progressed (Table 6). A steady increase in sub­
cutaneous fat occurred in respect to total dissectible fat at 
13 months of age in the larger steers (Figure 4). This figure 
also indicates that smaller steers had greater amounts of sub­
cutaneous and total fat earlier in the experiment (11 to 13 
months) when compared with the larger type. Therefore, the 
increased contribution of subcutaneous fat to total fat in the 
larger steers could be a reflection of differences at the 
Figure 3. Changes in carcass composition with age in 
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Table 5. Relative contribution of each dissectible fat 
depot to total dissectible adipose tissue in the 
body^ 
Bloloqlcal type signifi 
Fat depot Smaller Larger cance^ 
Subcutaneous, % 27.72 ± .7 26.02 ± .7 NS 
Intermuscular, % 42.92 ± .5 43.70 ± .5 NS 
Kidney fat, % 8.44 ± .3 9.39 ± .3 NS 
Pelvic fat, % 1.23 ± .07 1.29 ± .07 NS 
Omental fat, % 10.84 ± .4 11.25 ± .4 NS 
Mesenteric fat, % 8.84 ± .3 8.34 ± .3 NS 
^Values are means ± SEM for all slaughter groups within 
each biological type. 
^significance for means between types (P<.05). NS = 
nonsignificant. 
onset of fattening between the biological types. With the 
exception of pelvic fat, the remaining fat depots increased 
at the same rate as total fat in the smaller type of steers. 
In the larger ones, as subcutaneous fat increased its con­
tribution, pelvic and mesenteric fat depots decreased their 
rate of growth as fattening proceeded (Table 6). 
Smaller steers had greater amount of subcutaneous fat, 
less kidney fat and more thickness of fat at the 12-13th ribs 
than the larger steers when values were adjusted to the 
overall mean of total dissectible fat in the body (Table 7). 
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Table 5. Growth coefficients + SEM for the weights of dis-
sectible fat depots in respect to total fat weight 












1.07 ± .04 1.18** ± .05 NS 
0.98 ± .02 0.98 ± .02 NS 
1.13 ± .07 0.93 ± . 06 NS 
0.52** ± .10 0.58** ± .11 NS 
0.93 ± .07 0.92 .07 NS 
0.85 ± .09 0.80* ± .07 NS 
^Growth coefficients are the regression coefficients of 
the equation log Y = log a + b log x, 
^Significance for growth coefficients between types 
(P<.05). NS = nonsignificant, 
*Coefficient significantly different from 1 (P<.05). 
**Coefficient significantly different from 1 (P<.0l). 
Intramuscular fat 
The content of chemical fat in the muscle of the left 
side of the carcass increased its deposition at a similar 
rate as total lipid in both types of steers. With the excep­
tion of the amount of lipid in kidney + pelvic fat depot, 
there were no significant differences in the growth coeffi­
cients of the remaining depots between biological types 
(Table 8). 
Similarly to the dissectible adipose tissue, lipid 
Figure 4. Contribution of dissectible fat depots to total 
fat in the body in steers of two biological types 
(numbers on the graph are months at slaughter) 
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Table 7. Adjusted means of dissectible fat depots in the 
body and fat thickness at 12th rib in steers of 
two biological types 
Biological type 
Fat depot Smaller Larger cance^ 
Subcutaneous, kg 26. ,33 24. ,42 P<.05 
Intermuscular, kg 40. ,78 41. ,57 NS 




Pelvic fat, kg 1. 11 1, .17 NS 
Omental, kg 10, .19 10, .56 NS 
Mesenteric, kg 8, .23 7, . 8 2  NS 
Fat thickness, cm .99 .68 _c 
^Adjusted to the overall mean of total fat in the body 
(95.19 kg) by using the equation log Y,_n.\ = log Y. -
b(log - log x). i 
^Significance for means between types (P<.05). NS = 
nonsignificant. 
"^Not analyzed statistically (regression coefficients 
within type were significantly different; P<.05). 
content in the subcutaneous fat increased faster than total 
lipid in the larger steers (Table 8). Figure 5 indicates 
that this increase started at 13 months of age. Intermuscular 
lipid decreased its contribution to total lipid, suggesting 
an earlier degree of maturation in both types of steers. 
These results do not indicate that intramuscular lipid was 
the last type of lipid to be deposited, since growth coeffi­
cients were not significantly greater than 1 (Table 8). 
55 
Table 8. Growth coefficients ± SEM for lipid content of 
fat depots in respect to total lipid in the left 







Subcutaneous 1.07 ± .04 1.19** ± .04 NS 
Intermuscular .96* ± .02 .93** ± .01 NS 
Intramuscular .97 ± 
cr> o
 1.10 ± 
CO Q
 NS 









^Growth coefficients are the regression coefficients of 
the equation Y = ax^. 
^Significance for growth coefficients between types 
(p<,05). NS = nonsignificant. 
•Coefficient significantly different from 1 (P<.05). 
••Coefficient significantly different from 1 (P<.Ol). 
Therefore, the percentage of intramuscular fat in respect to 
the total lipid in the left side remained approximately the 
same throughout the age scope of this study (Figure 5). 
The mean lipid content for each fat depot adjusted to 
the overall mean of lipid from the left side of the carcass 
indicated that the subcutaneous fat depot from the smaller 
steers contained significantly more lipid than the sub­
cutaneous depots from the larger steers, suggesting the exis­
tence of some differences in the distribution of lipid among 
depots as the animals fatten (Table 9). 
Figure 5. Contribution of fat depot lipids to total lipid 
in the left side of the carcass in steers of two 
biological types (numbers on the graph refer to 
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KP- Kidney + pelvic 
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60 
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Table 9. Adjusted means of lipid content of four fat depots 
in the left side of the carcass in steers of two 
biological types 
Biological type 
Fat depot Smaller Larger cance^ 
Subcutaneous, kg 11, .00 9. 91 P<.01 
Intermuscular, kg 17. 97 18. 37 NS 
Intramuscular, kg 3, ,31 3. 39 NS 
Kidney + pelvic, kg 4, .18 4. 65 _c 
^Adjusted to the overall mean of lipid content in the 
left side of the carcass (36.66 kg)_by using the equation 
log(adj) = log - b(log - log x). 
^Significance for means between types (P<.05), NS = 
nonsignif icant. 
^Not analyzed statistically. 
Simple correlation coefficients between fat thickness at 
the 12th rib and the amount of dissectible fat depots (Table 
10) were, in general, higher for the larger steers. Pooled 
correlation coefficients indicated a greater association be­
tween fat thickness and the amount of carcass fat in both 
types of steers. 
Presently, beef production is mostly based on crossbred 
animals where rapid growth and beneficial carcass characteris­
tics of the large type breeds are being exploited. In the 
work reported here, the expression "biological type" is used 
for animals with differences in skeletal, linear measurements 
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Table 10. Simple correlation coefficients^ between the 
amount of fat depots in the body and fat thickness 
at the 12th rib in steers of two biological types 





Total fat .76 .90 .82 
Subcutaneous .80 .95 .88 
Intermuscular .76 .88 .81 
Kidney .72 .72 .67 
Pelvic .30 .59 .46 
Omental .63 .77 .67 
Mesenteric .54 .72 .62 
Marbling score .63 .81 .74 
^All coefficients are significantly different from 0 
(P<.05). 
and live weight at a certain age (180 days), raised under the 
same growth conditions. Biological type, as a term, attempts 
to include the incompleteness of our knowledge of the inter­
action between genotype-environment and metabolic traits of 
cattle as they influence differences in growth rate and body 
composition. 
The steers of the two biological types used in this study 
showed no difference in the rate of growth throughout the age 
scope of the experiment. This indicates that the differences 
observed in live weights between the types were set at an 
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earlier age of the animals (before 180 days). It may also 
suggest that the criteria used to characterize the steers by 
type were not sensitive enough. The predominance of large 
European breeds in the composition of these crossbred steers 
could account, however, for the similar rate of growth of 
both types. 
The factors associated with the differences in the 
phenomenon of fat accretion among animals of varying genetic 
backgrounds could be explained by variation in the rate of 
fattening, age at the onset of fattening or both (Mukhoty and 
Berg, 1971). Furthermore, variations in fat distribution 
among depots have economical implications (Allen, 1969) and 
may affect carcass composition predictability (Charles and 
Johnson, 1976). Results from this study suggested that both 
types of steers followed a similar pattern of fat deposition 
even when some differences in fat distribution were detected. 
Smaller steers had more fat expressed as percentages of 
left side weight at each slaughter age than the larger steers 
(Figure 3). There was no indication of differences in the 
rate of fattening between types (Table 4), and when the amount 
of fat in the left side was adjusted to the overall mean of 
muscle + bone weight (102 kg), the smaller steers had more fat 
than the larger steers (45 and 32 kg, respectively). These 
data suggested that smaller steers started to deposit fat at 
an earlier age and before the age scope of this study (11 
months). Figure 2 illustrates an earlier impetus of fat 
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deposition at 11 months of age in the smaller steers. The 
large standard errors of the growth coefficients for fat 
(Table 4) make definite conclusions regarding the rate of 
fattening between types risky. 
In this regard, Mukhoty and Berg (1971) and Charles and 
Johnson (1976) reported breed differences in the rate of fat 
deposition, but Berg et al. (1978a), working with breeds 
classified as late fattening, reported homogeneous allometric 
regression coefficients for fat deposition among sire breed 
groups. 
Growth coefficients for the individual fat depots were 
found to be homogeneous between biological types revealing 
similar pattern of fat deposition (Table 6). Smaller steers, 
however, started to deposit fat at an early age and lighter 
weights than the larger ones, and differences in fat distribu­
tion were suggested when the amount of fat in each depot was 
adjusted to a constant total dissectible fat in the body 
(Tables 6 and 7). Kempster et al.(1976a) also found consid­
erable variation in fat distribution among breeds of different 
biological types at the same level of fatness. 
The increased contribution of subcutaneous fat to total 
adiposity in the larger steers is intriguing at this point 
(Table 6). It could be either a reflection of true differ­
ences in fat distribution between types or due to variations 
at the age of onset. Since the overall contribution of each 
fat depot to total adiposity was similar for both types 
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(Table 5), the observed increased growth rate of subcutaneous 
fat was probably more a reflection of differences in the age 
at onset of fat deposition. This study could not test this 
hypothesis. 
Intermuscular fat was not found to be an early developing 
tissue and, therefore, its contribution to total fat did not 
decrease as fattening progressed for the cattle used in this 
study (Table 6). Kempster et al. (1976a), working with differ­
ent breeds, and Berg et al. (1978a), using cattle of the three 
sexes, reported an increase in the ratio of subcutaneous: 
intermuscular fat with fattening. The discrepancies may be 
explained by differences in the cattle used and by the inclu­
sion of omental and mesenteric fat depots in our study. In 
this regard, we found homogeneous growth coefficients for 
intermuscular fat between types but they were significantly 
smaller than 1 within type when only total dissectible fat 
from the carcass was considered as the independent variable. 
It is not known if this is a true relationship or an artifi­
cial one due to the changes imposed on the variables. 
Kidney and omental fat increased at the same rate as 
total fat in the body. Therefore, they should not be con­
sidered as earlier developing tissues among fat depots. Be­
cause of their rate of growth, and since they made up to 30% 
of the total fat, visceral fats (omental, mesenteric and 
kidney) have to be included in any attempt to reduce the 
amount of excess fat deposited in cattle when efficiency of 
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beef cattle production is considered. 
Based on the cattle used in this study, there was no 
indication that the intramuscular lipid was late developing. 
The differential growth ratios between intramuscular fat and 
total lipid in the left side of the carcass were homogeneous 
between types and not significantly different from 1 within 
types (Table 8). Johnson et al. (1972) also reported that 
intramuscular fat showed no tendency to rise with fattening 
and that it reached its maximum, as percentage of total fat, 
very early postnatally. Because of the age range of the 
steers used in this study, we were unable to check the weight 
or age at which the maximum contribution of intramuscular 
lipid occurred in respect to total lipid, but Figure 5 indi­
cated that there was no change in that contribution from 11 
to 19 months of age. 
These findings for intramuscular lipid can be extrapolated 
to the marbling content because of the high and positive asso­
ciation between the t\TO (Thornton et al., 1974). We found a 
simple correlation coefficient between the amount of lipid in 
the muscle of half carcass and marbling score at the 12th rib 
of .85, Since intramuscular fat was not a late developing 
tissue, a simple measurement of this characteristic could be 
a good method to predict the potential for an animal to de­
posit marbling in later growth phases. Obviously, measurable 
parameters of easy access have to be found in the young animal 
and the relative importance of adipocyte size and number in 
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marbling development must also be clarified. 
Fat thickness at the 12th to 13th ribs currently is 
used as an index of fat deposition because of its high posi­
tive association with total fat in the carcass (Hedrick, 1968). 
In this study, where exotic breeds were used, the pooled 
simple correlation coefficients indicated that fat thickness 
accounted for 67% of the variation in total separable fat in 
the body (Table 10). It is clear from these coefficients that 
fat thickness is a better estimator of subcutaneous fat con­
tent than of other fat depots. This linear measurement ac­
counted for 55% of the variation in marbling score of the M. 
lonqissimus at the 12th rib and for less than 45% of the varia­
tion in visceral fat content. Lower fat thickness, therefore, 
does not necessarily imply reduced marbling or lesser amounts 
of visceral fat. 
In conclusion, our results suggest that steers from both 
biological types followed a similar pattern of fat deposition, 
since no significant differences were detected in the rate of 
fattening in respect to muscle plus bone in the left side of 
the carcass. Furthermore, growth coefficients for the 
dissectible fat depots in respect to total fat in the body 
were homogeneous between types. 
The evidence presented, however, indicates an earlier 
onset of fat deposition in the smaller type of steers, pos­
sibly before the initial slaughter group of this study (11 
months). Consequently, minor differences in fat distribution 
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were detected between types when compared at a constant 
amount of total dissectible fat in the body. Intramuscular 
fat was not a late developing depot in this study. Its rate 
of deposition was similar to that of total lipid in the 
carcass. 
Fat thickness at the 12th rib was a good estimator of the 
amount of fat in the carcass but explained approximately 50% 
of the variation of visceral fat (omental, mesenteric and 
kidney fat) and marbling scores. 
The consideration of fat cell size and number as deter­
minants of tissue growth, the use of extreme types of cattle 
and widening the age range of the animals used as experimental 
units in studies of this nature will help unravel the phe­
nomenon of fat deposition and distribution in cattle. 
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CHAPTER V. ADIPOSE TISSUE GROWTH AND CELLULARITY. 
II. DISTRIBUTION AMONG WHOLESALE CUTS 
Introduction 
The value of the beef carcass is influenced markedly by 
both the amount and distribution of adipose tissue. Excessive 
quantities of fat in all depots, except the intramuscular 
lipid, detract from the retail yield of beef carcasses (Allen, 
1969). Some studies indicate that breed differences exist in 
the partitioning of fat among depots (Ledger, 1959; Charles 
and Johnson, 1976; Kempster et al., 1975a; Williams, 1978). 
Distribution and patterns for adipose tissue growth among 
wholesale cuts have not been thoroughly studied and results 
from controlled experiments are scarce. 
This section reports the distribution and pattern of 
growth for subcutaneous and intermuscular adipose tissues 
among wholesale cuts in carcasses of exotic steers from two 
biological types slaughtered from 11 to 19 months of age. 
Results and Discussion 
The pattern of total fat distribution among wholesale 
cuts in the left side of the carcass was very similar between 
biological types with the exception of fat in the brisket. 
Growth coefficients within types indicated that dissectible 
fat was deposited earlier in the posterior region of the car­
cass (round and hindshank) and later in the ventral region. 
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particularly the plate (b > l). Growth coefficients for 
fat in the round and hindshank were significantly smaller 
than 1, suggesting that the rate of fat deposition in these 
cuts decreased in respect to total fat in the side as fatten­
ing progressed (Table 11). 
Similar patterns of fat distribution between types among 
four regions of the carcass were found. Adipose tissue seemed 
to be deposited earlier in the posterior and anterior regions 
(b < 1), extending throughout the dorsal area (b = 1) and 
descending later to the ventral region (b > 1) of the carcass 
(Table 12). When compared at the same amount of total fat in 
the side, smaller steers had a slightly higher amount of 
separable fat in the dorsal region than the larger type (Table 
13). The ventral region, as described in this study, accumu­
lated more fat than the remaining regions. The dorsal and 
posterior areas had less dissectible subcutaneous and inter­
muscular fat than the other regions. 
Minor differences were observed between biological types 
in the contribution of subcutaneous fat from each wholesale 
cut to total subcutaneous fat in the left side. The rate of 
subcutaneous fat deposition in the chuck was greater in the 
larger type than in the smaller type of steers. Opposite 
results were obtained for subcutaneous fat in the brisket 
(Table 14). 
With the exception of intermuscular fat in the brisket, 
no significant differences were observed between biological 
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Table 11. Growth coefficients ± SEM for dissectible fat in 
wholesale cuts of the left side in respect to 
total fat in the left side of steers representing 










 .97 ± 
cn o
 NS 
Rib .97 ± .03 1.03 ± .04 NS 
Foreshank 1.05 ± .10 .97 d: .08 NS 
Brisket 1.16 ± .08 .85* ± .07 P<.01 
Plate 1.21** ± .04 1.27** ± .03 NS 
Loin^ 1.00 ± .05 1.03 ± .05 NS 
Flank^ 1.01 ± .04 1.09 ± .05 NS 
Round .84** ± .04 .91* ± .03 NS 
Hindshank .67** ± .04 .79** ± .06 NS 
^Significance between types. NS = nonsignificant. 
^Kidney fat not included. 
*Coefficient significantly different from 1 (P<.05). 
**Coefficient significantly different from 1 (P<.Ol). 
types in the contribution of intermuscular fat from each 
wholesale cut to total separable intermuscular fat in the 
left side (Table 15). 
The adjusted means for subcutaneous and intermuscular 
adipose tissue in each cut to total subcutaneous and inter­
muscular fat in the side suggested that the pattern of fat 
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Table 12. Growth coefficients ± SEM for fat in regions of 
the left side of the carcass in respect to total 











.91** ± .03 .97 ± .03 NS 
.99 ± .04 1.03 ± .04 NS 
1.12** ± .02 1.10** ± .02 NS 
.83** ± .04 . 89** ± .03 NS 
^Anterior = chuck + foreshank, dorsal = rib + loin, ven­
tral = brisket + plate + flank, posterior = round + hindshank. 
^Significance between biological types (P<.05). NS = 
nonsignif icant. 
^Kidney fat was not included. 
**Coefficient significantly different from 1 (P<.01). 
deposition among wholesale cuts was similar between biological 
types. For those cuts where the growth coefficients were 
significantly different between types and covariance adjust­
ment was not legitimate, the adjusted means were reported but 
not compared statistically (Tables 16 and 17). Smaller 
steers had a slightly higher amount of subcutaneous fat in 
the loin cut than the larger type when compared at a constant 
amount of subcutaneous fat in the side (Table 16). This 
result probably accounted for the greater amount of total 
separable fat in the smaller type steers in the dorsal region 
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Table 13. Adjusted mean of dissectible fat in four regions 
of the left side of the carcass in steers repre­
senting two biological types 
Biological type signifi 
Regions Smaller Larger cance^ 
Anterior 8. ,57^ 8. ,584 NS 
Dorsal® 6. ,65 6. ,35 P<.05 
Ventral 12, .22 12, .05 NS 
Posterior 6, .18 6, .16 NS 
^Adjusted to the overall mean of total dissectible fat 
in the left side (37.69 kg) by using the equation log Y , . = 
log - b(log y:^ - log x) . ^ 
^Anterior = chuck + foreshank, dorsal = rib + loin, 
ventral = brisket + plate + flank, posterior = round + 
hindshank. 
^Significance between biological types. NS = non­
significant . 
^Values are expressed in kg. 
®Kidney fat was not included. 
of the left side (Table 13). Also, the even deposition of 
intermuscular fat among wholesale cuts between types (Table 
17) suggests that subcutaneous fat would produce minor altera­
tions in the ratio of subcutaneous:intermuscular fat, par­
ticularly in the dorsal region. 
The large growth coefficients (b > 1) for subcutaneous 
fat, especially in the plate cut, and of intermuscular fat in 
the plate and flank in both types of steers (Tables 14 and 15) 
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Table 14. Growth coefficients ± SEM for subcutaneous fat in 
each wholesale cut in respect to total subcutane­
ous fat in the left side of the carcass in steers 
representing two biological types 
Biological type 
Cut Smaller Larger cance^ 
Chuck 1.03 ± .05 1.22** dt .07 P<.05 
Rib 1.02 ± .06 1.10* ± .04 NS 
Foreshank 1.09 ± .13 1.02 ± .10 NS 
Brisket 1.35** ± .10 .99 ± .08 P<. 05 
Plate 1.21* ± .08 1.27** ± .05 NS 
Loin 1.15 ± .09 1.24** ± .08 NS 
Flank .88 ± .08 .82** ± .05 NS 
Round .91 ± .05 .91* ± .04 NS 
Hindshank .58** ± .07 .79* ± .08 NS 
^Significance between types. NS = nonsignificant. 
•Coefficient significantly different from 1 (P<.05). 
**Coefficient significantly different from 1 (P<.01). 
accounted for the increased rate of fat deposition in the 
ventral region of the carcass as fattening proceeded (Table 
12). This is also illustrated in Figures 6 and 7. Inter­
muscular fat accumulated more in the anterior than in the 
posterior region of the carcass and the reverse was true for 
the subcutaneous fat depot. 
Within the wholesale cuts, growth coefficients for sub-
71 
Table 15. Growth coefficients ± SEM for intermuscular fat in 
each wholesale cut in respect to total intermuscu­
lar fat in the left side of the carcass in steers 






Chuck . 88** ± .03 .93* ± .03 NS 
Rib .94* ± .03 .95 ± .05 NS 
Foreshank 1.04 ± .11 .90 ± .08 NS 
Brisket 1.03 ± .08 .70** ± .08 P<.01 
Plate 1.23** .04 1.29** ± .04 NS 
Loin .95 ± .04 .93 ± .05 NS 
Flank 1.19* ± .07 1.39** ± .07 NS 
Round .74** ± .04 .77** ± .04 NS 
Hindshank .74** ± .06 .69* ± .11 NS 
^Significance between types. NS = nonsignificant. 
*Coefficient significantly different from 1 (P<.05). 
**Coefficient significantly different from 1 (P<.01). 
cutaneous fat were larger, in general, than those for inter­
muscular fat in both types of steers, indicating that the 
latter depot was an earlier maturing tissue than the sub­
cutaneous depot (Tables 14 and 15), These findings are in 
agreement with data reported in Chapter IV. 
Adipose tissue in this study followed similar gradients 
of deposition as those reported for the remaining tissues of 
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Table 15. Adjusted mean^ of subcutaneous fat in each whole­
sale cut of the left side of the carcass in steers 
representing two biological types 
Cut Smaller Larger 
Signifi­
cance^ 
Chuck I.57C I.47C -
Rib .95 .97 NS 
Foreshank .20 .20 NS 
Brisket .91 1.04 -
Plate .72 .81 P<.05 
Loin 1.58 1.28 P<.05 
Flank 2.54 2.63 NS 
Round 3.23 3.25 NS 
Hindshank .42 .44 NS 
^Adjusted to the overall mean of subcutaneous fat in the 
left side (12.32 kg) by using the equation log Y , . = 
log - b(log - log x). ^ 
^Significance between biological types (P<.05). NS = 
nonsignificant. 
^Values are expressed in kg. 
the carcass (Palsson, 1955; Luitingh, 1952; Pomeroy, 1978). 
For both subcutaneous and intermuscular fat, the rate of 
deposition increased from the extremes o# the carcass, inwards 
to the loin and downwards to the plate in the steers of the 
two biological types. 
Adipose tissue in the flank was the latest to be 
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Table 17, Adjusted mean of intermuscular fat in each whole­
sale cut of the left side of the carcass in steers 






Chuck 6.37C 6.48^ NS 
Rib 1.66 1.69 NS 
Foreshank .38 .35 NS 
Brisket 1.77 1.69 -
Plate 3.75 3.64 NS 
Loin 1.98 2.00 NS 
Flank 2.28 2.07 NS 
Round 1.79 1.85 NS 
Hindshank .37 .40 NS 
®Adjusted to the overall mean of intermuscular fat in 
the left side (20.44 kg) by using the equation log Y , • = 
log - b(log - log x). 
^Significance between biological types (P<.05). NS = 
nonsignificant. 
'Values are expressed in kg 
deposited according to Kempster et al. (1975b) and Berg et al. 
(1978b). In this study, the plate had the greatest rate of 
total fat, subcutaneous and intermuscular fat deposition 
(b > 1). Total adipose tissue in the flank, however, in­
creased at the same rate as total fat in the side (b = 1), 
but it showed greater rate of intermuscular fat deposition 
Figure 6. Subcutaneous fat in regions of the left carcass 
side expressed as percentage of total subcutane­
ous fat in the left side of steers representing 
two biological types (numbers on the graphs refer 








Subcutaneous fat in side (kg) 
Figure 7. Intermuscular fat in regions of the left carcass 
side expressed as percentage of total inter­
muscular fat in the left side of steers repre­
senting two biological types (numbers on the 
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than subcutaneous fat in both types of steers (Tables 14 and 
15) . 
Results reported in Chapter IV indicated that the smaller 
type steers started to deposit fat at an earlier age and 
lighter weights than the larger type. This trend is also 
shown in Figures 6 and 7. Therefore, it seems reasonable to 
assume that the increased rate of subcutaneous fat deposition 
in the chuck of larger steers (b > 1) and that in the brisket 
of the smaller type is more of a reflection of the difference 
at the onset of fattening exhibited between the types rather 
than a true difference in the rate of fattening during the 
growth phase considered in this research (Table 14). If this 
hypothesis is true, then the brisket in particular and the 
ventral region in general are the places where subcutaneous 
fat is deposited at later stages of the fattening process, 
and the significant differences observed in the growth coeffi­
cients between types in this study is a reflection of the 
variation in their degree of maturity (Table 14 and Figure 6). 
Intermuscular fat followed the same pattern of deposition as 
the subcutaneous (Table 15 and Figure 7. in this case, 
however, the plate and flank were the cuts with the greatest 
growth coefficients (b > l). 
The reasons for these gradients of fat deposition among 
wholesale cuts and within fat depots are not known at the 
present time. Fowler (1968) and Butterfield and Johnson 
(1968) associated the differential growth rates of parts and 
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muscles of the body with their functionality for the survival 
of the animal and production. In this regard, fat was ob­
served as the tissue to buffer the functions of the body and 
the relationships between parts from changes in dietary energy 
intake (Fowler, 1968). 
Berg and Butterfield (1976) suggested that fat distribu­
tion might be related to local pressures that develop with 
growth. Low pressures will favor the deposition of fat under 
the skin or in the grooves among muscles. 
A general regulatory control mechanism interrelated with 
local control at the fat depot may be a more realistic explana­
tion for the gradients in adipose tissue growth. Provided 
nutrient and energy availability are similar, blood supply 
also may be critical for the development of fat lobules 
(Simon, 1965) and adipocyte differentiation (Napolitano, 1965; 
Hausman, 1978). Fat cell size and number may also play an 
important role in local regulators of adipose tissue growth 
as stated by Faust et al. (1978). In this regard, differences 
in adipocyte number and size between fat depots were reported 
(Allen et al., 1976) and the rate of fatty acid synthesis was 
directly related to adipose cell volume in beef intramuscular 
adipose tissue (Hood and Allen, 1978). Unfortunately, the 
mechanisms and factors associated with these control regula­
tions are a matter of pure speculation at the present time. 
In summary, the following conclusions can be drawn; 
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1. Adipose tissue growth and distribution among whole­
sale cuts followed a similar pattern between the two biologi­
cal types. The amount of fat and distribution among regions 
of the carcass appeared to be more important than the two 
types of steers utilized when fat deposition patterns were 
compared. 
2. Slight differences were observed between types, how­
ever, in the growth coefficients for subcutaneous fat in the 
chuck and brisket and in this latter cut for intermuscular 
fat. These differences were related to an earlier onset of 
fattening of the smaller steers rather than to true differ­
ences in the rate of fat deposition. The adjusted means 
showed variations in the amount of subcutaneous fat in the 
loin and plate between types. These results emphasize the 
importance of making comparisons among treatment groups at the 
same level of total fat in studies where carcass composition 
measurements and animals with different maturing rate are 
involved. 
3. The similarity of fat deposition between the two 
biological types would facilitate the prediction of carcass 
fat content from a representative wholesale cut dissection 
by the development of common regression equations. 
4. Fat deposition within depot and among wholesale cuts 
showed gradients of growth from the extremes, inwards to the 
loin and downwards to the ventral region of the carcass. This 
latter region (brisket + plate + flank) exhibited the highest 
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rate of fat deposition during the age range of this study. 
Since cuts in the ventral section currently have low retail 
value, the increased deposition of fat in this region would 
contribute to the depreciation of the carcass value as fat­
tening progresses. 
5. Intermuscular fat accumulated more in the anterior 
region of the carcass which would increase the trimming of 
retail cuts from this area. 
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CHAPTER VI. ADIPOSE TISSUE GROWTH AND CELLULARITY. 
III. CHANGES IN ADIPOCYTE SIZE AND NUMBER 
Introduction 
The amount of adipose tissue in an animal is primarily-
dependent upon the number and size of the fat cells (Waters, 
1909). Ultimately, this statement implies that adipose tis­
sue mass can expand by either hyperplasia (cell proliferation), 
hypertrophy (cell enlargement), or a combination of the two 
(BjSrntorp and Sjostrom, 1971; Stern and Greenwood, 1974; 
Greenwood and Hirsch, 1974; Garbutt et al., 1979; Hausman 
et al., 1979). Consequently, a description of adipocyte size 
and number in adipose tissue depots during normal growth is 
important to understand the etiology of excessive fat accumu­
lation in animals. 
Few investigations have been conducted on adipose tissue 
cellularity in meat-producing animals. Differences in adipo­
cyte number and size among breeds of cattle and fat depots 
have been reported by Hood and Allen (1973b). Cell hyper­
plasia was completed in the perirenal and subcutaneous adi­
pose depots the first year of age in cattle (Hood and Allen, 
1973b; Garbutt et al., 1979) and in sheep (Hood, 1977). 
Further increase in the adipose mass was mainly due to cell 
enlargement (Anderson, 1972; Allen et al., 1976). Inter­
fascicular adipose tissue was still actively growing by 
hyperplasia and hypertrophy, however, in steers at 14 months 
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of age (Hood and Allen, 1973b). 
It has been suggested that as fat accumulated excessively 
the number of adipocytes increased in the adult rat (Faust 
et al., 1978) and swine (Allen et al., 1974). Description of 
cellular changes in specific fat depots of the mature bovine 
carcass is lacking as well as of the relative importance of 
cell number and size in determining adipose tissue growth. 
This work was undertaken to study adipocyte changes in 
size and number in six fat depots from exotic steers of two 
biological types (larger and smaller mature weight) while 
growing from 11 to 19 months of age. 
Results and Discussion 
Adipocytes fixed with osmium tetroxide according to the 
technique described by Hirsch and Gallian (1958) are shown 
in Figure 8. In general, adipocyte preparations appeared 
"clean" and without extraneous particles, A few preparations, 
however, contained undesirable fine debris that could inter­
fere with the determination of cell distribution, particularly 
in the left side of the distribution curve where small adipo­
cytes and debris were confounded. One such preparation is 
illustrated in Figure 8a. The use of urea to release fat 
cells from their tissue matrix and to reduce the size of the 
debris, as proposed by Etherton et al. (1977), improved the 
quality of most of the preparations. The debris was removed 
by filtration of the adipocytes, which gave cleaner cell 
Figure 8. Photomicrographs of adipocytes fixed with osmium tetroxide 
a - Subcutaneous adipose depot; small debris shown; x 75 
b - Brisket adipose depot; x 75 
c - Subcutaneous adipose depot; x 30 
d - Brisket adipose depot; bimodal distribution; x 75 
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suspensions as shown in Figures lb and le. 
Preliminary determinations of adipocyte parameters 
indicated that fat cell distributions were monophasic and 
close to normal. In previous reports of distribution of 
fixed cells, a monophasic type of distribution for muscle 
cells was postulated by Hegarty and Cooper (1971) and by 
Levine and Hegarty (1977), and accordingly, Thompson et al, 
(1979) normalized the muscle fiber size distribution obtained 
from a Channalizer (Coulter Electronics) by using a suitable 
computer program. 
Following the same approach as others used with muscle 
cells, parameters from fat cell distributions were determined 
according to the method of Siano (1972) by fitting a log-
normal distribution function where the Guassian or normal 
distribution is a special case of the log-normal. In agree­
ment with sjostrom et al. (1971), distributions of adipocyte 
diameters obtained from the Channalizer were all monophasic, 
with the exception of the biphasic distributions in adipose 
tissues of briskets from three steers of the youngest slaughter 
group (11 months of age; Figure 8d). Examples of monophasic 
and biphsic cell distributions are shown in Figures 9 and 10, 
respectively; the observed plots were fitted with the log-
normal function to generate the predicted distribution. 
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Figure 10. Distribution of adipocyte diameter (biphasic) 
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Differences in cellularity between biological types 
Because fat cells are generally spherical, adipocyte 
diameter and adipocyte size would be used interchangeably. 
There were no significant differences (P>.05) between 
the two biological types of cattle in the overall mean of 
adipocyte number per gram of adipose tissue and adipocyte 
diameter for each fat depot (Table 18), Likewise, differ­
ences in adipocyte size of the most frequent class (mode) in 
the distribution were not significantly different (P>.05) 
between types within fat depot (Table 19). These data of 
adipose tissue cellularity (Tables 18 and 19) support the 
similar pattern of adipose tissue development between the 
two biological types of cattle as reported in Chapters IV 
and V. 
In evaluating fat cell development, the distribution of 
cell diameter per se is important to consider besides the 
overall mean to monitor changes in cell number or size as 
fattening progressed (Widdowson and Shaw, 1973j Ashwell and 
Garrow, 1973; Ostrowski and Giron, 1973). The number of 
adipocytes per gram of adipose tissue decreased with age in 
all fat depots in both types of steers (Figures 11 and 12). 
For both biological types of cattle, number of cells per gram 
of adipose tissue decreased markedly until 15 months of age; 
from 15 to 19 months of age, the number of cells per weight of 
tissue was almost constant, especially for the larger type of 
cattle (Figure 12). These results strongly suggest that the 
Table 18. Number and size of adipocytes in six fat depots from steers represent­
ing two biological types^ 
Depot 
















686 ± 36 736 ± 36 NS 
805 ± 42 814 ± 42 NS 
939 ± 43 930 ± 43 NS 
568 ± 42 663 ± 42 NS 
696 ± 54 564 ± 54 NS 
787 ± 55 823 ± 55 NS 
(microns) 
117 ± 2 121 ±2 NS 
116 ± 2 115 ± 2  N S  
91 ± 1 92 ± 1 NS 
133 ± 3 128 ±3 NS 
141 ± 4 148 ±4 NS 
102 ±2 96 ± 2 NS 
^Values are means ± SEM for all five slaughter groups within each type, 
^Significance between biological types (P<.05). NS = nonsignificant. 
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Table 19. Adipocyte diameter of the most frequent class 
(mode) of cell distribution in six fat depots 













125 ± 3 
121 ± 2 
93 ± 1 
135 ± 3 
1 4 1  ±  4  
105 ± 3 
129 ± 3 
120 ± 2 
95 ± 1 
128 ± 3 
150 ± 4 







^Values are means ± SEM for all five slaughter groups 
within each type. 
^Significance between biological types (P<.05). NS = 
nonsignif icant. 
increase in the amount of carcass adipose tissue from 11 to 
15 months of age was due primarily to fat cell hypertrophy. 
In the smaller type of cattle, the number of fat cells per 
gram of subcutaneous, intermuscular, intramuscular, mesen­
teric and kidney fat depots seemed to decrease more rapidly 
than did the number of cells per gram of the same tissues of 
larger type of cattle, particularly from 11 to 13 months of 
age. This observation would be expected because smaller type 
of steers fattened at an earlier age than the larger ones, as 
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tissue with age in six fat depots from steers of 
the smaller type 
Figure 12. Changes in the number of fat cells per gram of 
tissue with age in six fat depots from steers 
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This hypertrophy of fat cells that was suggested in 
Figures 11 and 12 is supported by the data in Table 20. The 
same data are illustrated graphically in Figures 13 and 14. 
Average adipocyte diameter increased as cattle of both bio­
logical types grew from 11 to 19 months of age. Increases 
in average cell diameter occurred in all fat depots in both 
types of cattle until 15 or 17 months of age. The average 
diameters of fat cells in subcutaneous and intermuscular fat 
depots approached maximum diameters at an earlier age in the 
smaller type of cattle than in larger cattle. The average 
diameters of fat cells in all six fat depots of larger cattle 
decreased as steers grew from 17 to 19 months of age; except 
for kidney and subcutaneous fat cell diameters which decreased, 
the average cell diameters in fat depots of smaller cattle 
remained constant from 17 to 19 months of age. 
Results from this study indicated that after 15 months of 
age the number of adipocytes per gram of tissue in all fat 
depots was constant or decreased at slower rate than at 
earlier ages in both types of steers (Figures 11 and 12). 
Furthermore, the mean adipocyte diameter decreased or remained 
constant in all fat depots, particularly after 17 months of 
age in the steers of both types (Table 20 and Figures 13 and 
14). These data suggest that a population of small cells 
started to appear due to either the filling of pre-existing 
cells with lipid or to the differentiation of precursor fat 
cells into new adipocytes. 
Table 20. Average adipocyte diameter^ in six fat depots 
from steers of two biological type^ 
Age at 
11 13 
Depots Smaller Larger Smaller Larger 
Subcutaneous 98 ± 3 91 ± 7 123 ± 2 116 ± 3 
Intermuscular 92 ± 3 94 ± 5 116 ± 2 107 ± 3 
Intramuscular 74 ± 2 72 ± 4 87 ± 2 84 ± 1 
Mesenteric 103 ± 2 103 ± 3 120 ± 1 114 ± 3 
Kidney fat 87 ± 3 99 ± 5 123 ± 6 120 ± 3 
Brisket fat 82 ± 8 55 ± 5 95 ± 2 96 ± 5 
^In microns. 




15 17 19 
Smaller Larger Smaller Larger Smaller Larger 
117 ± 3 126 ± 3  127 ± 4 149 ± a 120 ± 4 124 ± 7 
116 ± 7 121 ± 1 129 ± 5 137 ± 4 130 ± 6 117 ± 6 
93 ± 4 99 ± 3 102 ± 2 111 ± 5 99 ± 3 95 ± 2 
150 ± 11 140 ± 8 146 ± 5 151 ± 6 144 ± 4 130 ± 10 
135 ± 11 161 ± 9 182 ± 2 183 ± 17 175 ± 6 176 ± 12 
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Figure 14. Changes in average adipocyte diameter with age in 
six fat depots from steers of the larger bio­
logical type 
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The widely accepted concept of fixed number of adipo­
cytes at maturity is being challenged (Bertrand and Masoro, 
1978; BjSrntorp et al., 1979; Klyde and Hirsch, 1979a,b). 
The appearance of new fat cells in mature animals could be 
triggered by an unknown mechanism where the size of the 
adipocyte plays a regulatory function (Faust et al., 1978). 
A biphasic distribution of cells then would result. Such a 
biphasic distribution in cell diameters, which is indicative 
of appearance of a new, smaller fat cell population, has been 
observed in a very obese pig (7 cm backfat) by Allen et al. 
(1974). 
If this hypothesis of hyperplasia occurring during growth 
of cattle from 17 to 19 months of age is true, then the dis­
tribution of cell diameters should widen as additional fat 
deposition progressed. Accordingly, the standard deviations 
of the cell diameter distributions increased in all depots 
as fattening proceeded in both types of steers (Figures 15 
and 15), indicating more variation and greater ranges in the 
sizes of fat cells from fatter cattle. A larger standard 
deviation of the cell diameter distribution in the older 
cattle, however, may not necessarily mean an increase in the 
actual number of small cells, which eventually would appear 
in the left side of the distribution curves (Figures 21 to 
24). If the rate of lipid filling is not constant among all 
available cells, larger standard deviation would merely re­
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Figure 15. Changes in the standard deviation of the adipo­
cyte diameter distribution in six fat depots from 
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Figure 16. Changes in standard deviation of the adipocyte 
diameter distribution in six fat depots from 
steers of the larger biological type 
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shifting of the curves to the right without increasing the 
number of cells in the population. This eventually would 
cause a bimodal type of distribution or a curve greatly skewed 
to the left side (negatively). In this study, the majority 
of the cell size distributions became skewed to the left as 
fattening proceeded. Furthermore, previous work has indi­
cated that lipid synthesis per fat cell increased with in­
creasing cell size in bovine adipose tissue (Hood and Allen, 
1975) and in swine adipose tissue (Anderson et al., 1972). 
When the adipocyte reached a certain critical size, however, 
its capacity to esterify fatty acids was reduced (Nestel et 
al., 1959) and basal lipolysis increased (Goldrick and 
McLoughlin, 1970). These observations by others suggest that 
the rate of lipid filling may not be constant among all 
adipocytes, with larger cells having greater lipogenic 
capacity; but, a critical adipocyte size seems also to exist. 
Even though to conclude that the reduction in the mean 
cell diameter after 17 months of age of the steers was caused 
by the appearance of a new population of small fat cells 
seems to be risky at this point, other results support this 
hypothesis. The determination of the size of the adipocytes 
by the Channalizer attached to a Coulter Counter is based on 
the volume of each particle. Allen et al. (1974) reported a 
bimodal type of distribution for cell diameters but a mono-
phasic distribution for cell volumes from the same fat sample, 
because the small diameter adipocytes made an insignificant 
101 
contribution to adipose tissue volume in comparison to 
adipocytes of larger diameters. Furthermore, the Coulter 
Counter method of counting osmium-fixed adipocytes does not 
count cells containing less than .01 p,g of triglyceride or 
cells smaller than 20 microns in diameter (Anderson, 1972; 
Stern and Greenwood, 1974; Stern and Johnson, 1978), There­
fore, newly formed cells may not be included in the distribu­
tion, and the number of adipocytes will be underestimated. 
This is probably the reason the number of cells per gram of 
tissue did not increase after the steers were 17 months of 
age (Figures 11 and 12). A distinct bimodal distribution 
of fat cells from subcutaneous fat (81 and 135 microns as 
mean diameter, respectively) was obtained in a very fat 
yearling Angus cross steer (3.7 cm of backfat thickness at the 
12th rib) not included in this study. The number of fat cells 
per gram of adipose tissue also was higher than expected 
(550x10 ). A similar bimodal distribution of fat cells in a 
very fat pig was also reported by Allen et al. (1974). 
Further possible support for generation of new adipocytes 
as fattening proceeded was obtained when cellular parameters 
were adjusted to the overall mean of dissectible fat content 
in the left side of the carcass (43 kg) by determining a 
common linear regression equation for both types (Figures 17 
and 18). In this regard, when the effect of the difference 
in fat content between the two types of cattle was removed, 
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17. Changes in adipocyte diameter with age in three 
fat depots from steers representing two biologi­
cal types after adjusting to the overall mean of 
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Changes in the number of adipocyte per gram of 
tissue with age in three fat depots from steers 
representing two biological types after adjusting 
to the overall mean of fat content in the left 
side (43 kg) 
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number per gram of tissue started to increase at an earlier 
age (15 months). These data also suggest that adipose tissue 
deposition resulted mainly from the hypertrophy of adipocytes 
from 11 to 15 months of age and from a combination of cell 
hypertrophy and filling of new cells after 15 months of age. 
There were no significant differences either in the num­
ber of cells per gram of tissue or in the mean diameter of 
adipocytes between biological types within fat depot after 
adjusting to the mean of dissectible fat (43 kg) in the left 
side of the carcass (Table 21). Again, these results suggest 
a similar pattern of fat deposition for the two biological 
types of steers. 
Previous results from 14-month-old cattle (Hood and 
Allen, 1973b; Garbutt et al., 1979) and from mature sheep 
(Hood and Thornton, cited by Hood, 1977) indicated that fat 
cell hyperplasia was halted in the extrafascicular fat depots 
of the carcass by 11 months of age. Our data with older 
cattle supported their results when comparisons were made up 
to 15 months of age, but after 17 months apparently a new 
population of small cells started to appear as fat deposition 
and age increased. Therefore, fat accretion in the steers 
used in this study seemed to occur by sequences of cell hyper­
trophy followed by the appearance of new cells when the en­
larged adipocytes reached a critical size and then triggered 
an unknown regulatory mechanism of hyperplasia (or cell 
filling). 
Table 21. Number and diameter of adipocytes in three fat depots after adjusting 
to the mean of dissectible fat in the left side of steers representing 
two biological types^ 
Depots 







Smaller Larger cance 
(thousands/g tissue) (microns) 
Subcutaneous 653 755 NS 118 121 NS 
Intermuscular 772 833 NS 118 115 NS 
Kidney fat 656 586 NS 144 146 NS 
^Values are means adjusted to the overall mean of dissectible fat (43.43 kg) 
by using the equation Y = Y. - b(x. - x), where b is a common lineal regression 
3.Ct J 1 1 
coefficient between biological types. 
^Significance between biological types (P<.05). NS = nonsignificant. 
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Differences in cellularity among fat depots 
Results already discussed have indicated that differences 
in cellularity were greater among fat depots than within fat 
depots between the two biological types of cattle used in 
this study. As fattening proceeded, fat cell number per gram 
of adipose tissue decreased and cell diameter increased in 
all fat depots. The overall simple correlation coefficient 
between fat cell number and cell diameter was -.78 (P<.01). 
The hypertrophy of the adipocytes with fattening is illus­
trated in Figures 19 and 20, which are photomicrographs of 
osmium-fixed fat cells. Likewise, adipocyte diameter dis­
tributions for two steers of the same biological type, at 11 
and 19 months of age, respectively, are depicted in Figures 
21 to 24. These plots show an increase in cell diameter and 
standard deviation of the cell distribution as age and fatten­
ing progressed. In the young animal (11 months of age), sub­
cutaneous adipocytes exhibited a hexagonal-like shape (Figures 
25a and 25b). At 19 months of age, cells were filled with 
lipid, appeared swollen and became round in shape (Figures 
25c and 25d). 
The average diameter of fat cells in different depots in 
fattening cattle are shown in Figures 13 and 14. For both 
types of steers, intramuscular and brisket fat contained the 
smallest cell diameter, while the internal fat depots (kidney 
and mesenteric) contained the largest adipocytes. 
Scanning electron micrographs showed no meaningful 
Figure 19. Photomicrographs of adipocytes fixed with osmium tetroxide 
a - Subcutnaeous adipose depot; 11 months of age (1st slaughter 
group); x 75 
b - Subcutaneous adipose depot; 19 months of age (5th slaughter 
group); X 75 
c - Intramuscular adipose depot; 11 months of age (1st slaughter 
group); x 75 
d - Intramuscular adipose depot; 19 months of age (5th slaughter 
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Figure 20. Photomicrographs of adipocytes fixed with osmium tetroxide 
a - Kidney adipose depot; 11 months of age (1st slaughter group); 
X 75 
b - Kidney adipose depot; 19 months of age (5th slaughter group); 
X 75 
c - Mesenteric adipose depot; 11 months of age (1st slaughter group); 
X 75 
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Figure 21. Distribution of adipocyte diameter 
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Figure 24, Distribution of adipocyte diameter 
Figure 25. Scanning electron micrographs of adipose tissue 
a - Subcutaneous adipose depot; smaller type steer at 11 months of 
age; x 100 
b - Subcutaneous adipose depot; larger type steer at 11 months of age; 
X 100 
c - Subcutaneous adipose depot; smaller type steer at 19 months of 
age; x 100 




differences in structure or size of adipocytes from the same 
fat depot from each biological type of steer (Figures 25 and 
27). When fat depots were compared within each type of steer 
at 19 months of age (Figure 28), intramuscular fat, however, 
exhibited the smallest cells (average diameter of 95 microns) 
and kidney fat, the largest (average diameter of 175 microns). 
These results agree with those reported by Hood and Allen 
(1973b) and Allen (1976). At 17 months of age and before the 
reduction in average cell size occurred, the mean adipocyte 
diameter, in decreasing order, was kidney fat > mesenteric > 
subcutaneous > intermuscular > intramuscular > brisket fat 
(Figures 13 and 14; Table 20). 
As stated earlier, Faust et al. (1978) postulated a 
critical fat cell size that would trigger the appearance of a 
new small cell population. As shown in Figures 13 and 14, the 
average diameters of cells were not the same in all fat depots 
when the decrease in average diameters occurred, between 17 
and 19 months of age, for both biological types of steers. 
This observation suggests that the critical adipocyte size is 
different for each adipose fat depot. An apparent significant 
observation is that larger fat cells, as in kidney and mesen­
teric fat, require a larger critical cell size than do adipo­
cytes from other fat depots to trigger the unknown mechanism 
for new fat cells to appear. 
Figure 25. Scanning electron micrographs of adipose tissue 
a - Subcutaneous adipose depot; larger type steer at 19 months of age 
(mean diameter for the type, 124 microns); x 78 
b - Subcutaneous adipose depot; smaller type steer at 19 months of age 
(mean diameter for the type, 120 microns); x 78 
c - Intermuscular adipose depot; larger type steer at 19 months of age 
(mean diameter for the type, 117 microns); x 78 
d - Intermuscular adipose depot; smaller type steer at 19 months of 
age (mean diameter for the type, 130 microns); x 78 
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Figure 27. Scanning electron micrographs of adipose tissue 
a - Intramuscular adipose depot; layer type steer at 19 months of age 
(mean diameter for the type, 95 microns); x 78 
b - Intramuscular adipo.se depot; smaller type steer at 19 months of age 
(mean diameter for the type, 99 microns); x 78 
c - Brisket adipose depot; larger type steer at 19 months of age 
(mean diameter for the type, 105 microns); x 78 
d - Brisket adipose depot; smaller type steer at 19 months of age 
(mean diameter for the type, lOl microns); x 78 
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Figure 28. Scanning electron micrographs of adipose tissue 
a - Subcutaneous adipose depot; larger type steer at 19 months of age 
(mean diameter for the type, 124 microns); x 100 
b - Intermuscular adipose depot; larger type steer at 19 months of age 
(mean diameter for the type, 117 microns); x lOO 
c - Intramuscular adipose depot; larger type steer at 19 months of age 
(mean diameter for the type, 95 microns); x 100 
d - Kidney adipose depot; larger type steer at 19 months of age (mean 




For both types of steers, adipocyte diameter from intra­
muscular fat in M. longissimus increased linearly from 11 to 
17 months of age and decreased by 19 months of age to an 
average diameter equal to 91% of size at 17 months of age 
(Table 20 and Figures 13 and 14). As shown in Chapter IV, 
the amount of intramuscular fat, however, continued to in­
crease during the time period of 17 to 19 months of age. For 
both types of steers, mean diameter of intramuscular fat 
cells at 11 months of age was 73 microns; mean diameter had 
increased to 107 microns at 17 months of age. Correspondingly, 
the number of cells per gram of tissue decreased during the 
same time period. Intramuscular fat, therefore, increased 
mainly by enlargement of the cells from 11 to 17 months of 
age and by a combination of hypertrophy and filling of new 
cells after either 15 or 17 months of age. Hood and Allen 
(1973b), however, reported that interfascicular adipose tis­
sue was still actively growing by both hyperplasia and hyper­
trophy in steers at 14 months of age. In this regard, data 
from our study would indicate that fat cell number seemed to 
increase at 15 months of age, particularly in the smaller 
type of steers (Figures 11 and 12). On the basis of cellu-
larity parameters, there was no firm evidence to classify 
intramuscular fat as a late developing depot. To the con­
trary, intramuscular fat seems to have a similar developmental 
rate to that of total fat (expressed on lipid basis) in the 
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carcass. This conclusion agrees with that of Johnson et al. 
(1972). 
Because the amount of visible intramuscular fat known as 
marbling is important in determining the quality grades of 
beef carcasses, prediction of the potential of an animal to 
deposit marbling seems essential for practical purposes. 
Simple correlation coefficients showed that both fat cell 
number per gram of tissue and average fat cell diameter were 
equally important in determining marbling scores and percent­
age of lipid in the lonaissimus muscle at the 12th-13th rib 
cut (Table 22). Similarly, Moody and Cassens (1968) found a 
positive association between fat cell size and lipid contents 
in three marbling groups of bovine lonaissimus muscles. Hood 
and Allen (1973b) indicated that cell number was the main 
factor that influences the amount of marbling in muscle. Re­
sults from our study were in agreement with those reports. 
Several regression models were tested to predict the 
amount of marbling in the lonaissimus muscle. Number of cells 
per gram of tissue proved to be a slightly better single pre­
dictor than cell diameter, but it explained only 57% of the 
total variation in marbling score (Table 23). The combination 
of cell number and cell size improved some the prediction of 
marbling (R = .63). Chilled left-side weight was the best 
single independent variable, accounting for 80% of the varia­
tion in marbling score. These results were suspected because 
the true relationship between cell number and diameter to the 
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Table 22. Simple correlation coefficients for intramuscular 
fat characteristics and lipid content in the M. 
lonqissimus at the 12th-13th rib in steers of 















score .85 -.73 .70 .64 .63 .74 
Lipid (%) -.75 .76 .75 .78 .97 
Cell number -.78 -.28^ -. 51 —. 59 
Cell diameter .59 . 65 .72 





score .89 -.78 .77 .75 .81 .93 
Lipid (%) -.82 .75 .81 .64 .97 
Cell number -.79 -.43^ -. 66 -.77 
Cell diameter .58 .64 .74 
Total cell no. .43^ . 86 
Fat thickness .67 
^Per gram of tissue. 
^(Cell number/g of tissue) x muscle content in left side. 
^Muscle content in left side x lipid percentage obtained 
from a pooled sample of six muscles. 
"^Coefficients were not significantly different from 0 
(P<.05). 
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Table 23. Regression models for prediction of marbling 
content of the M. lonaissimus at the 12th-l3th 
rib in steers of two biological types^ 
Biological type 
Variables in model^ Smaller Larger 
FT .40 .65 
CHCW .80 .79 
AN .53 .61 
AD .49 .59 
CHCW FT .81 .82 
CHCW AN .81 .79 
CHCW AD .81 .79 
AN AD .58 .67 
CHCW FT AN AD .81 .83 
^Values are the square of the multiple correlation 
coefficient (R^). 
^FT = fat thickness at 12th rib; CHCW = chilled left­
side weight; AN = adipocyte number per gram of intramuscular 
fat; AD = diameter of adipocyte from intramuscular fat. 
actual amount of adipose tissue is still unknown. Variation 
in cellular parameters among locations within the same fat 
depot has been reported (Moody and Cassens, 1968; Anderson, 
1972; Faust et al., 1978) but not studied thoroughly. 
Consequently, the most ideal sampling location within a fat 
depot is not known. Furthermore, changes in the number and 
size of adipocytes during fat accretion would interfere with 
their use as predictors of the actual amount of fat tissue 
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in the carcass. 
Obviously, more research is required to unravel the 
effects of adipocyte number and size on fat deposition. Be­
cause some of the differences in adult adiposity seemed to be 
present early in adipose tissue development in terms of the 
number of preadipocytes (Hausman, 1978), the possibilities of 
using cellular parameters of fat depots from young animals to 
predict the potential of cattle to fatten during later life 
still exist. 
In summary, the following conclusions can be drawn from 
this study; 
1. Distributions of adipocyte diameter from six fat 
depots were monophasic, but not necessarily normal, in steers 
of both biological types and during the age range considered 
in this study. 
2. Changes in cellular parameters support the hypothe­
sis of similar pattern of fat deposition in both biological 
types of steers as developed in Chapters IV and V of this 
dissertation. 
3. As cell number per gram of tissue decreased, average 
cell diameter increased in all fat depots. The overall 
simple correlation coefficients was -.78 (p<.Ol). 
4. Steers of the smaller type seemed to exhibit an in­
creased adipocyte hypertrophy in most of the fat depots at an 
earlier age than the larger type of steers. In steers of both 
types, however, hypertrophy seemed to be near a maximum at 
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about 15 months of age. 
5. The appearance of a new small cell population at 
later stages of fattening (after 17 months of age) is postu­
lated. The exact moment of its occurrence, however, is un­
certain. After 15 months of age, the increase in fat deposi­
tion, then, seems to occur by a combination of cell hyper­
trophy and cell hyperplasia (or filling of new cells) in 
both types of steers. 
5, Results indicate that differences in cellularity were 
larger among fat depots within steer type than within fat de­
pot between biological types. At 17 months of age, the mean 
adipocyte diameter, in decreasing order, was; kidney fat > 
mesenteric > subcutaneous > intermuscular > intramuscular > 
brisket fat. 
7. If a critical adipocyte size to trigger the appear­
ance of a new cell population exists, it would be different 
and particular for each fat depot. Adipose depots with larger 
fat cells, then, would require larger critical fat cell size. 
8, High simple correlation coefficients were found be­
tween cellular traits and marbling scores and percentage of 
lipid in M. lonaissimus at 12th-13th rib. The use of cell 
number and cell diameter to predict the marbling content of 
muscle is possible, but their reliability is still uncertain. 
Chilled left side weight was the best single independent 
variable to predict marbling scores (r = .80). 
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CHAPTER VII. CONCLUSIONS 
This study on fat deposition from 11 to 19 months of age 
in steers of two biological types demonstrated the follow­
ing main conclusions; 
1. Steers from both types followed a similar pattern 
of fat deposition. No important differences in the rate of 
fat accretion were observed but smaller steers, however, ex­
perienced an earlier onset of fattening than larger type of 
steers. Therefore, the small differences detected in fat dis­
tribution between steer types were attributed to that varia­
tion at the onset of fattening rather than to a true differ­
ence in the rate of fat deposition during the 11 to 19 months 
of age period. 
2. The rate of intramuscular fat deposition was not sig­
nificantly different to that of total lipid in the carcass. 
This suggested that intramuscular fat was not a late develop­
ing depot. 
3. Visceral fat depots (omental + mesenteric + kidney 
fat) plus pelvic fat accounted for 30% of the total dissecti-
ble adipose tissue in the animal body. In this regard, fat 
thickness at the 12th rib cut explained only 50% of the varia­
tion of visceral fats and marbling scores. Lower fat thick­
ness, therefore, did not necessarily imply reduced marbling 
scores or lesser amounts of visceral fats. 
4. Larger differences were found in the amount of fat 
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and distribution among regions of the carcass than between 
biological types. Much of the differences found in fat dis­
tribution among wholesale cuts between types were reduced 
when adjusted to the same amount of fat in the carcass. These 
results emphasize the importance of making comparisons among 
treatment groups at the same amount of total fat in studies 
where carcass composition measurements and animals of differ­
ent maturity rate are involved. 
5. Gradients of growth were found for fat deposition 
within depot among wholesale cuts from the extremes, inwards 
to the loin area and downwards to the ventral region of the 
carcass (brisket + plate + flank). This latter region ex­
hibited the highest rate of fat deposition in steers of both 
types during the age range of this study. 
5. Intermuscular fat accumulated more in the anterior 
region of the carcass which would increase the trimming of 
retail cuts from this area. 
7. Changes in cellular parameters supported the hypothe­
sis of similar pattern of fat deposition in both biological 
types of steers. 
8. Fat deposition occurred mainly by hypertrophy of 
adipocytes from 11 to 15 months of age in the steers of both 
types. Afterwards, fat increased by a combination of cell 
hypertrophy and cell hyperplasia or filling of new cells. 
The appearance of a new small cell population at later stages 
of fattening was postulated. 
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9. Results indicated that differences in adipose tissue 
cellularity were larger among fat depots within steer type than 
within depot between biological types. At 17 months of age, 
the mean adipocyte diameter, in decreasing order, was: kidney 
fat > mesenteric > subcutaneous > intermuscular > intramuscular 
> brisket fat. 
10. Adipocyte number per gram of tissue and mean adipo" 
cyte diameter were significantly correlated with marbling 
scores at the 12th rib: -.76 and .74, respectively. Chilled 
left side weight was the best single independent variable, 
however, to predict marbling scores (r" = .80). 
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APPENDIX A. DISTRIBUTION AMONG DEPOTS 
Table 24. Changes in carcass composition with increasing age 
in steers of two biological types^ 
Age (months) 
11 13 
Variables Smaller Larger Smaller Larger 
Left side wt (kg) 88.0 108.7 106.7 127.4 
Lean, % 62.92 63.16 57.55 61.35 
Fat, % 19.31 16. 85 26.30 19.50 
Bone, % 17.22 19.69 15.87 18.84 
Subcutaneous fat, % 5.6 5.2 8.8 5.6 
Intermuscular fat, % 10.6 9.3 14.1 11.3 
Kidney fat, % 1.7 2.1 2.9 2.2 
Pelvic fat, % .4 .3 .4 .4 
^Percentage of the left side weight. Values are means 
of 4 steers within each age group and biological type. 
Table 25. Changes in the total amount of dissectible adipose 
tissues in the body and fat thickness at the 12th 
rib with increasing age in steers of two biologi­
cal types^ 
Age (months ) 
11 13 
Variables (kg) Smaller Larger Smaller Larger 
Total fat 43.6 45.0 72.8 64.6 
Subcutaneous 11.8 11.4 19.4 14.5 
Intermuscular 18.8 20.2 30.5 29.0 
Kidney fat 3.0 4.5 6.2 5.7 
Pelvic fat .7 .7 1.0 1.0 
Omental 4.7 4.4 8.3 8.4 
Mesenteric 3.9 3.9 7.3 6.0 
Fat thickness (cm) . 6 .3 1.0 .5 




15 17 19 
Smaller Larger Smaller Larger Smaller Larger 
140.0 166.6 156.5 192.1 190.3 205.5 
56.35 56.21 51.49 53.77 51.40 52.66 
29.11 28.27 35.32 32.87 35.05 33.10 
14.30 15.31 12.90 13.15 13.35 14.01 
9.7 8.9 12.0 11.8 12.5 11.5 
15.8 15.5 19.1 17.3 18.3 17.3 
3.2 3.5 3.8 3.4 3.9 3.9 
.4 .4 .5 .4 .4 .5 
Aqe (months) 
15 17 19 
Smaller Larger Smaller Larger Smaller Larger 
104.2 123.1 134.0 153.3 168.9 170.4 
28.3 31.7 39.6 46.6 48.5 48.3 
44.4 53.1 60.1 66.9 69.3 72.1 
9.0 12.0 11.8 13.0 15.0 16.1 
1.2 1.3 1.4 1.4 1.5 1.9 
11.6 14.3 12.2 15.3 19.4 18.5 
9.6 10.7 8.9 10.1 15 .2 13.5 
.9 .8 1.3 1.4 1.4 1.4 
Table 26. Relative contribution of each dissectible fat depot to total dissectible fat in the 
body per slaughter group 
Slaughter group (months) 
11 13 15 17 19 
Fat depot (%) Smaller Larger Smaller Larger Smaller Larger Smaller Larger Smaller Larger 




37, .09 25, .75 29. 24 30. 11 28, .33 27, .64 
Intermuscular 43, .65 44, .46 41. 98 44. 79 42, .64 43, .20 44. 89 43. ,57 41, .43 42, .49 
Kidney 7, .07 10. 22 8. 57 8. 77 8, .62 9, .67 8. 99 8. 63 8, .97 9, .68 
Pelvic 1, .67 1, .64 1, .36 1. 67 1, .18 1, .09 1. 08 0. 89 0, .90 1. 16 
Omental 11, .10 10, .33 11. 41 13. 13 11, .22 11, .66 9. 10 10. 13 11, .38 11. 00 
Mesenteric 9, .20 9. 11 10. 05 9. 26 9, .26 8, .63 6. 70 6. 70 8, .98 8. 03 
^Values are means of 4 steers within slaughter group and biological type. 
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Table 27. Growth coefficients ± SEM for the weights of 
dissectible fat depots in respect to total fat 










1.04 ± .04 
.97* ± .01 
1.08 ± .08 
.51** ± .10 
1.15** ± .04 
.94** ± .01 
.89 ± .07 





^Growth coefficients are the regression coefficients of 
the equation Y = ax^. 
^Significance for growth coefficients between types (P< 
.05). NS = nonsignificant in this table and in all tables 
of Appendix A, Appendix B, and Appendix C, where applicable. 
*Coefficient significantly different from 1 (P<.05). 
**Coefficient significantly different from 1 (P<.Ol). 
Table 28. Adjusted means^ of dissectible fat depots in the 
left side of the carcass of steers of two bio­
logical types 
Bioloqical type signifi-
Fat depot Smaller Larger cance 
Subcutaneous, kg 12.77 11.89 P<.05 
Intermuscular, kg 20.27 20.61 NS 
Kidney fat, kg 3.95 4,38 NS 
Pelvic fat, kg 0.55 0.58 NS 
^Adjusted to the overall mean of total fat in the left 
side of the carcass (37.69 kg) by using the equation log 
= log Y^ - b(log x^^ - log x) . 
^Significance for means between types (P<.05). 
Table 29. Percentage changes by weight in the lipid content of fat depots and muscle with in­
creasing age in steers of twobiological types^ 
Age (months) 
11 13 15 17 19 




















Intermuscular 87, .92 86, .51 86, .92 84, .65 86, .36 89, .42 90 .82 92, .45 92, .38 92, .42 
Intramuscular 3, .11 1. 98 3, .00 2. 82 4. 69 5, .23 6, .48 5, .24 6, .72 6, .96 
Kidney+pelvic 86. 42 89. 90 92, .60 92, .02 93. 43 93, .05 94, .46 95, .26 94, .79 94. 62 
Brisket 63. 16 47. 92 62, .38 43. 65 73. 24 73, .21 75, .55 73. 22 80. 02 77. 29 
Omental 85. ,38 85. ,72 90. ,61 88. ,66 90. ,93 90. ,53 92, .50 93. 37 94. ,09 93. ,80 
Mesenteric 84. ,95 86. ,34 89. 08 88. ,82 90. ,74 90. ,38 89, .42 90, .73 91. ,80 91. ,11 
^Values are means of 4 steers within each age group and biological type. 
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Table 30. Adjusted means^ of dissectible fat depots in the 
body to the same fat thickness at the 12th rib in 
steers of two biological types 
Biological type Signifi­
cance Fat depot Smaller Larger 
Total fat, kg 82.03 109.13 P<.05 
Subcutaneous, kg 22.29 28.85 P<.05 
Intermuscular, kg 35.56 47.55 P<.05 
Kidney, kg 5.99 10.01 P<.05 
Pelvic, kg 1.04 1.25 P<.05 
Omental, kg 9.08 11.85 P<.05 
Mesenteric, kg 7.41 8.57 P<.05 
^Adjusted to the overall mean of fat thickness at the 
12th rib (.82 cm) by using the equation log Y , . = log Y. -
b(log - logjÇ). 
^Significance for means between types. 
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Table 31. Simple correlation coefficients^ between the 
amount of fat depots in the body and marbling 
score at the 12th rib in steers of two biological 
types 
Biological type 
Fat depots (kg) Smaller Larger Pooled 
Total fat .79 .92 .85 
Subcutaneous .71 . 89 .81 




Pelvic .46 .71 .58 
Omental .76 .84 .78 
Mesenteric .72 .78 .75 
^All coefficients are significantly different from 0 
(P<.05). 
Figure 29a. Increase in live weight at slaughter with age 
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Figure 29. Changes in the amount of fat depots with age in 
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Figure 3 0. Changes in the amount of dissectible fat depots 
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Figure 31. Dissectible fat in the left side in respect to 
muscle + bone weight in steers of two biological 
types (numbers are months at slaughter) 
Figure 32. Contribution of dissectible fat depots to total 
fat in the left side of the carcass in steers of 
two biological types (numbers in the graph are 
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Figure 33. Changes in the percentage of fat depots in re­
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Figure 34. Changes in the percentages of fat depots in re­
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Figure 35. Increase in lipid content with age in fat depots 
from the left side of the carcass in steers of 
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Figure 36. Increase in the amount of lipid in fat depots in 
respect to total lipids in the left side of the 
carcass in steers of two biological types 
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APPENDIX B. DISTRIBUTION AMONG WHOLESALE CUTS 
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Table 32. Growth coefficients ± SEM for dissectible fat in 
the front and hind quarters in respect to total 
fat in the left side of the carcass in steers 








1.03 ± .02 
.95** ± .01 
1.03 ± .02 
.97 ± .02 
NS 
NS 
^Significance for the difference between the types 
(P<.05). 
^Kidney and pelvic fat included. 
**Coefficient significantly different from 1 (P<.0l). 
Table 33. Growth coefficients ± SEM for subcutaneous and in­
termuscular fat depots in the fore and hind 
quarters in respect to total subcutaneous and in­
termuscular fat, respectively, in the left side 







Fore/subcutaneous 1.13** ± .03 
Hind/subcutaneous .92** ± .02 
Fore/intermuscular 1.00 ± .02 
Hind/intermuscular 1.01 ± .04 
1.13** ± .03 
.92** ± .02 
1.00 
1.01 






^Significance between types (P<.05). 
**Coefficient significantly different from 1 (P<.0l). 
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Table 34. Growth coefficients ± SEM for subcutaneous fat in 
regions of the left side of the carcass in respect 
to total subcutaneous fat in the left side of the 






Anterior 1.04 ± .04 1.19* ± .07 NS 
Dorsal 1.10 ± .07 1.17** ± .05 NS 
Ventral 1.05 ± .06 .94 ± .03 NS 
Posterior . 87* zk .05 .90* ± .04 NS 
^Anterior = chuck = foreshank, dorsal = rib + loin, 
ventral = brisket + plate + flank, posterior = round + 
hindshank. 
^Significance between types (P<.05). 
*Coefficient significantly different from 1 (P<.05). 
**Coefficient significantly different from 1 (P<.Ol). 
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Table 35. Growth coefficients ± SEM for intermuscular fat in 
regions of the left side of the carcass in respect 
to total intermuscular fat in the left side of the 






Anterior . 88** ± .03 .93* d: .03 NS 
Dorsal .94 ± .03 .94 ± .04 NS 
Ventral 1.17** d: .03 1.17** dz .02 NS 
Posterior .74** zb .03 .76** ± .04 NS 
^Anterior = chuck + foreshank., dorsal = rib + loin, 
ventral = brisket + plate + flank, posterior = round'+ 
hindshank. 
^Significance between types (P<.05), 
*Coefficient significantly different from 1 (P<.05). 
**Coefficient significantly different from 1 (P<.Ol). 
Figure 37. Subcutaneous fat in regions of the left side in 
respect to the total amount of subcutaneous fat 
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Figure 38, Intermuscular fat in regions of the left side in 
respect to the total amount of intermuscular fat 
in the side of steers representing two biological 
types 
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APPENDIX C. CELLULARITY 
Table 36. Adipocyte number^ in six fat depots from steers 
representing two biological types 
Slaughter 
11 13 
Depots Smaller Larger Smaller Larger 
Subcutaneous 1393± 49 1523±201 6736 66 9306 89 
Intermuscular 1559±110 14926182 8726 79 10306 86 
Int ramuscula r 1573±110 13636 57 11016130 11876167 
Mesenteric 980±120 10626145 7696 90 9376 84 
Kidney 17796239 12206233 7636114 8706 36 
Brisket 12346145 13026209 13116 91 12726246 
^Thousands per gram of tissue. 
^Values are means of four steers within type per 
slaughter group. 
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group (age in months) 
15 17 19 
Smaller Larger Smaller Larger Smaller Larger 
552± 33 552± 32 483± 46 345± 49 331± 48 331± 22 
658±124 506± 35 56 8± 59 47 9± 35 370± 54 464± 72 
715± 56 859± 73 754± 84 662± 69 553± 62 578± 40 
237± 67 4526 99 475± 88 405± 68 377± 56 45 8± 98 
475±105 25 2± 44 204± 18 241± 70 256± 38 224± 35 
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Figure 39, Changes in adipocyte diameter of the most frequent 
class (mode) of cell distribution in three fat 
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Figure 40. Changes in adipocyte diameter of the most frequent 
class (mode) of cell distribution in three fat de­
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Figure 42. Changes in the total number of adipocytes, with 
age, in four fat depots from steers representing 
two biological types (subcutaneous, intermuscu­
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